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Introduction 

Heart failure (HF) is a complex condition that results from cardiac functional and/or stmctural abnormalities that affect the ability of the heart to pump blood, and is often defined 
as the inability of the heart to adequately perfuse the organs of the body. Symptoms of HF vary depending on several factors but the most common manifestations of HF are 
dyspnoea and fatigue. Of importance, HF is not necessarily associated with a reduced ejection fraction (EF) (systolic HF), as up to 50% of cases occur in the presence of a 
preserved systolic function (diastolic dysfunction). 

HF can be classified as acute a chronic, depending on how quickly symptoms and signs develop; systolic a diastolic, depending on whether patients have a reduced left 
ventricular ejection fraction (LVEF) as opposed to a preserved LVEF and high- vs. low-output HF. Right and left HF are terms that indicate whether symptoms predominantly 
suggest right ventricular failure with peripheral oedema, raised JVP and hepatomegaly, or predominantly left ventricular failure with pulmonary oedema and hypotension. 

The severity of HF can be assessed objectively with an echocardiogram, cardiac magnetic resonance (CMR), or nuclear imaging. It is not clear what the best objective 
measure of LV function is, but as EF has been used systematically as a major inclusion criterion in most HF trials, it has become one of the most commonly used 
measurements for assessment of the severity of HF. 

Although the severity of LV dysfunction does not necessarily correlate with symptoms, useful grading systems exist in the clinical setting that are based on symptoms, i.e. the 
New York Heart Association (NHYA) classification (see Table 1.l)\ — 

Table 1.1 NYHA classification I— IV 

Class Symptoms 

I No limitation to physical activity. Ordinary physical activity does not cause fatigue, breathlessness, or palpitations (asymptomatic HF) 

II Slight limitation to physical activity. Such patients are comfortable at rest. Ordinary physical activity results in fatigue, palpitations, breathlessness, or angina 
pectoris (mildly symptomatic HF) 

III Marked limitation of physical activity. Although patients are comfortable at rest, less than ordinary physical activity will lead to symptoms (symptomatically 
'moderate' HF) 

IV Inability to carry on any physical activity without discomfort. Symptoms are even present at rest (symptomatically ‘severe’ HF) 

The present chapter discusses, separately, three subgroups of HF patients: 

• chronic HF with impaired LVEF (systolic HF). 

• c HF). 
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NYHA class and symptoms (Table 1.1) 

Chronic heart failure with reduced LVEF (systolic heart failure) 

Incidence and prognosis 

HF is a common condition whose incidence increases with age and, due to demographic trends of an ageing population, is increasing in prevalence. 

There are an estimated 934,000 people over the age of 45 who have diagnosed or suspected HF in the UK. 

Mortality has been quoted as high as 30% at 1 year after diagnosis but survival has improved with newer HF treatments. 

Aetiology 

Ttie most common causes are: 

• ischaemic heart disease; the most common cause in developed countries (50-70% of cases) 

• systemic hypertension, which often causes HF with preserved LVEF 

• the cardiomyopathies, including dilated cardiomyopathy, hypertrophic cardiomyopathy, restrictive cardiomyopathy, peripartum cardiomyopathy, and arrhythmogenic 
cardiomyopathy. 

• Other common causes include: alcohol consumption, the use of certain drugs (i.e. chemotherapy), valvular heart disease, infiltrative disorders (amyloid and sarcoid), 
diabetes, and rhythm disturbances such as chronic uncontrolled tachycardia. 

• High-output cardiac failure is a less common form of presentation and can be caused by thyrotoxicosis, beri-beri, Paget’s disease, sepsis, anaemia, and some 
arrhythmias. 

• The most common causes for an acute decompensation in a patient with chronic HF include myocardial ischaemia or infarction, arrhythmias, inappropriate or insufficient 
drug therapy, infection, anaemia, etc. 

Symptoms and signs of HF 

The cardinal symptoms of HF are dyspnoea at rest or on exertion, orthopnoea, paroxysmal nocturnal dyspnoea, and fatigue. Signs of HF include those attributable to left 
ventricular failure such as pulmonary oedema, cold extremities, hypotension, a third heart sound, and those of right HF such as a raised JVP, peripheral oedema, 
hepatomegaly, and ascites, among others. 

Useful investigations 

• Blood tests. In addition to routine blood tests including FBC, U&Es, urinalysis, fasting glucose, lipids, LFTs and TFTs, the measurement of B-type natriuretic peptide 
(BNP) is very important. BNP can help not only in the diagnosis and prognosis of patients with HF but also in the assessment of the response to treatment. 

• A normal BNP concentration in an untreated patient makes the diagnosis of HF unlikely whereas a high BNP level despite maximal medical treatment often indicates a 
poor prognosis. Conditions other than HF that can lead to a raised BNP include: sepsis, renal dysfunction, LV hypertrophy (LVH), myocardial ischaemia, and advanced 
age. 

• The resting 12-lead ECG (electrocardiogram) may show signs of ischaemic heart disease, such as an old infarction or left bundle branch block (LBBB), LVH, conduction 
disturbances (important to note that a QRS >120ms is one of the criteria tor cardiac resynchronizafion therapy), or cardiac arrhythmias. Hdter monitoring might be 
considered, to look tor ventricular tachycardia (VT) in high-risk patients. 

• The chest X-ray provides evidence tor cardiomegaly, pulmonary venous congestion, pulmonary oedema, pleural effusion, and lung disease. 

• Transthoracic echocardiography is essential in the assessment of patients with symptoms/signs of HF. 

• LVEF is used to classify HF as diastolic or systolic and the echocardiogram may establish the aetiology of HF in the individual patient e.g. valvular heart disease, 
myocardial infarction (Ml), LVH, or global LV dysfunction associated with dilated cardiomyopathy. 

• Stress echocardiography can be used to detect reversible myocardial ischaemia, to assess myocardial hibernation, valvular abnormalities, and the response to cardiac 
resynchronization therapy. 

• Coronary angiography should be performed in patients presenting with HF who have angina or significant myocardial ischemia on non-invasive testing. Unfortunately, 
controlled trials have not addressed the issue of whether coronary revascularization can improve clinical outcomes in patients with HF who do not have angina pectoris. 

• Magnetic resonance imaging (MRI) is the gold standard for evaluating ventricular dimensions as it has a high degree of reproducibility. It is also extremely useful tor the 
assessment of ventricular function and wall motion abnormalities, myocardial viability, and scar tissue. It can also be useful for detecting right ventricular (RV) dysplasia, 
and identifying the presence of pericardial disease. 

• VC>2max ( maximal oxygen consumption) exercise testing can give useful information in patients presenting with HF who may be candidates for cardiac transplantation or 
device implantation. 

Pharmacological management of chronic heart failure 

The recommendations that follow are based on National Institute tor Health and Clinical Excellence (NICE), European Society of Cardiology (ESC), and American Heart 
Association (AHA) guidelines. Of importance, the NICE guidelines apply only to patients who already have HF. AHA guidelines take into account patients without HF but who 
have risk factors for HF, including known coronary artery disease, hypertension, diabetes mellitus, and a family history of cardiomyopathy. These high-risk patients require 
treatment with disease-modifying agents. There is substantial trial evidence fa the treatment of HF but it must be remembered that women and the elderly are not well 
represented in these trials. 

Pharmacological treatment 

This can be divided into: 

• treatments that prolong life in patients with HF and should be prescribed to all patients with HF — predominantly angiotensin-converting enzyme inhibitors (ACEIs), 
angiotensin recepta blockers (ARBs), aldosterone antagonists (i.e. spironolactone and eplerenone), and p-blockers 

• treatments that improve symptoms only (i.e. diuretics and digoxin). 

See the flow chart in Fig. 1 .1 fa a summary of the pharmacological management of chronic systolic HF. 
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Pharmacological treatment of chronic systolic heart failure. 



ACEI or ARB (class I evidence A) (Table 1.2) 

ACEIs are recommended as first-line therapy in all patients with EF <40% irrespective of symptoms. In patients with risk factors for HF who have a normal LVEF, AHA 
guidelines recommend starting an ACEI or ARB as a preventative action (class lla evidence). Multiple trials have shown that ACEIs improve survival and functional capacity, 
delay the onset of symptoms, and reduce adverse LV remodelling in patients with HF. However, many patients are excluded from these trials, such as those with hypotension, 
renal failure, or normal EF, and the very elderly. 



Table 1.2 ACEIs and ARBs with the largest evidence in HF trials 
Starting dose (mg) Target dose (mg) 

ACEI 

Captopril 6.25 tds 50-100 tds 

Enalapril 2.5 od 10-20 bd 

Lisinopril 2.5 od 20-35 od 

Ramipril 1.25-2.5 od 10 od 

ARB 

Candesartan 4 or 8 od 32 od 

Valsartan 40 bd 160 bd 



Some patients improve within 48h of starting ACEI therapy but most patients only get benefit after several weeks or months of treatment. A meta-analysis of short-term, 
placebo-controlled trials reported a clear reduction in mortality within 3 months. 

SAVE was the first large trial of ACEI in LV dysfunction following Ml. Over 2000 patients with an EF <40% 3-16 days following Ml were randomized to either placebo or 
captopril. All-cause mortality was 19% lower in the ACEI group. There was also a 37% reduction in the development of severe HF. 

CONSENSUS and SOLVD randomized patients with mild to severe HF to treatment with placebo or enalapril. There was a reduction in mortality of 27% in CONSENSUS and 
16% in SOLVD. 

The SOLVD-Prevention trial showed that patients with low EF but no symptoms benefited from ACEI with a 20% relative risk reduction (RRR) in death or hospitalization with 
HF. This emphasises the importance of starting ACEI therapy in patients with HF, even before they become symptomatic. 

A meta-analysis of three large trials (SAVE, AIRE, and TRACE) showed an absolute risk reduction of 2.3%. The number needed to treat (NNT) to achieve this goal was 43. 

ARBs 

ACEIs are always used as first line in preference to ARBs. This is because there is more clinical experience and weight of trials behind their use compared to ARBs. It is 
reasonable to use an ARB when a patient develops a significant ACEI-induced cough. 

CHARM-Altemafive was a placebo-controlled trial with candesartan in patients with a LVEF <40%, who were intolerant to ACEI. Candesartan resulted in a RRR of death from a 
cardiovascular cause or hospital admission for worsening HF, of 23%. 

An important question has been raised as to whether the addition of an ARB to a patient already on an ACEI and (3-blocker would be beneficial. There is some evidence 
(CHARM-Added and Val-HeFT) that patients who are NY HA III or IV despite ACEI and p-blocker therapy do benefit from the addition of candesartan or valsartan, mainly in 
terms of a lower risk of death or hospitalization. Both trials showed a reduction in hospital admissions tor worsening HF: RRR 24% in Val-HeFT and 17% in CHARM-Added. 
There was a 16% RRR in the risk of death from cardiovascular causes with candesartan in CHARM-Added. 

AHA guidelines therefore suggest that it is reasonable to add an ARB in patients who are persistently symptomatic despite ACEI and (3-blockers (class lib evidence B). This 
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recommendation is also given in the ESC guidelines but not in the NICE guidelines. This guidance is complicated by the fact that in the VALIANT study (captopril vs. valsartan 
vs. a combination of both) there was no significant difference in all-cause mortality between valsartan and captopril. The combination of both drugs did not reduce mortality and 
was associated with an increase in adverse events. 

Many patients with NYHA III a IV have difficulty in achieving target doses of ACEI and (3-blockers due to the occurrence of hypotension. 

Initiation of treatment and uptitration 

Prior to initiation of ACEI/ARB treatment, renal function and electrolytes should be assessed and then rechecked 1-2 weeks after starting treatment. ACEI/ARBs should be 
commenced at a low dose and titrated up at 2-weekly intervals with the aim of reaching target doses. Uptitration is dependent on blood pressure (BP) response. Hypotension is 
acceptable if systolic BP (SBP) is >90mmHg and asymptomatic. Symptomatic hypotension can be minimized by nocturnal dosing. In hospitalized patients ACEIs should be 
started prior to discharge. 

ACEIs and p-blockers should always be titrated up to the maximum tolerated dose. 

Contraindications 

History of angio-oedema, bilateral renal artery stenosis, serum potassium >5mmd/L, serum creatinine >220pmol/L, severe aortic stenosis. 

Side effects 

• Cough: a dry cough related to the use of ACEIs is the most common reason for the withdrawal of long-term treatment. It occurs in 5-10% of white patients and up to 50% of 
Chinese patients. It usually appears within the first month of treatment and disappears within 1-2 weeks of discontinuing treatment. Given the known benefits of ACEIs, it is 
important to try and persist with treatment unless the cough is severe, particularly since the cough may be coincidental as found in many studies. If a significant cough 
does develop on an ACEI, then an ARB should be used instead. 

• Hypotension: if a patient develops symptomatic hypotension, reduce the dose of any other antihypertensives before reducing the dose of the ACEI. 

• Hyperkalaemia: may be managed by stopping potassium supplements or potassium-sparing diuretics. If the potassium still rises above 5.5mmol/L, halve the dose of the 
ACEI. If the potassium rises above 6.0mmd/L then stop the ACEI. 

• Deterioration in renal function: some increase in urea and creatinine can be expected after starting an ACEI. An increase of 50% in creatinine from baseline or to an 
absdute concentration of 265pmd/L may be acceptable but must be caretully monitored. 

• If the creatinine rises above 310pmd/L then the ACEI should be stopped and renal function carefully monitored. It may be necessary to reduce the dose of ACEI or 
discontinue it altogether. 

• Angio-oedema is a very serious side effect and if this occurs then the ACEI must be stopped immediately. 

P-blockers (class I evidence A) 

p-blockers should be used in all patients with impaired LV function unless there are compelling contraindications. They have been shewn to improve mortality, reduce 
hospitalization, and improve functional class. 

Evidence to support the use of p-blockers derives from the fdlowing trials: CIBIS II (bisoprdd), COPERNICUS (carvedild), and MERIT-HF (sustained-release metoprdd). 

These trials randomized neariy 9000 patients with HF to either placebo or P-blocker therapy; 90% of these patients were on an ACEI a ARB. Each of these trials showed that 
p-blockers reduced mortality (RRR about 34% in each trial) and hospital admissions for worsening HF (RRR 28-36%). 

There are very few trials in HF that included elderly patients. SENIORS was a randomized contrdled trial (RCT) in elderly (>70 years dd) patients with HF. Treatment with 
nebivdd resulted in an RRR of 14% in the primary composite endpdnt of death or hospital admissions for a cardiovascular reason. 

Not all p-blockers have the same effect. Metoprdd tartrate, as opposed to the sustained-release metoprdd succinate, does not confer as much benefit as carvedild (COMET 
trial). There is no evidence of benefit for bucinddd (increases death in African Americans), and xamoterd has been found to be harmful in this context. As such, the only 
recommended P-blockers tor management of HF patients are bisoprdd, carvedild, nebivdd, and sustained-release metoprdd (nd available in the UK). 

Commencing therapy and uptitration (Table 1.3) 

p-blockers should be commenced at a lew dose and titrated up to target doses at 2-week intervals. They should usually be initiated in stable patients and only with caution in 
recently decompensated patients. Titrate up every 2-4 weeks. Do nd increase dose if signs d worsening HF and symptomatic hypdension appear, or the heart rate is 
<50bpm. 

Table 1 .3 P-blockers used in the management d HF 

p-blocker Starting dose (mg) Target dose (mg) 

Bisoprdd 1.25 od 10 cd 

Carvedild 3.125 bd 25-50 bd 

Metoprdd succinate 12.5 od 200 od 

Nebivdd 1.25 od 10 od 



In patients admitted with a decompensation d HF and hypdension, P-blockers may need to be discontinued temporarily. However, a recent study has shown increased 
mortality in HF patients who have their p-blockers stopped. 

Contraindications 

• Obstructive airways disease (nd chronic obstructive pulmonary disease (COPD) per se). 

• 2 nd - or 3 rd -degree heart block. 
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• Sinus bradycardia (<50bpm), symptomatic hypotension. 

• Peripheral vascular disease (this is a relative contraindication as benefits may outweigh a potential deterioration in symptoms of peripheral vascular disease). 

(•*> Side effects 

Symptomatic hypotension is relatively common and often improves over time. If hypotension appears, reduce doses of other BP-lcwering medications (except ACEI/ARB) 
before reducing the dose of p-blocker. Asymptomatic hypotension does not require intervention. 

If HF does deteriorate on p-blockers, it is possible to try and remain on the P-blocker but temporarily increase the dose of diuretics. 

Aldosterone antagonists (class I evidence B) 

See Table 1.4 

Table 1.4 Aldosterone antagonists 

Starting dose (mg) Target dose (mg) 

Spironolactone 12.5 od 50 od 

Eplerenone 12.5 od 50 od 

Aldosterone antagonists are used in patents with moderate to severe symptomatic HF (NYHA class III and IV) with a LVEF <35%, in combination with ACEIs, p-blockers, and 
diuretics. Spironolactone has been demonstrated to improve survival and morbidity in these patients. 

RALES trial: treatment with spironolactone led to a 30% RRR of death and a 35% RRR in hospital admissions for worsening HF compared to placebo. 

Eplerenone is a selective aldosterone antagonist shown to be of benefit in patients with symptomatic LV impairment following a recent Ml (EPHESUS), and should be used in 
this group of patients. The EPHESUS trial enrolled patients 3-14 days after an acute Ml with an EF <40% and HF or diabetes. Patients were randomized to placebo or 
eplerenone. Eplerenone lead to a RRR in death of 15% 

There are no randomized clinical trials comparing eplerenone with spironolactone and there is no evidence tor spironolactone in the post-MI group of patients studied on 
EPHESUS. However, there is not enough evidence to say if aldosterone antagonists are also beneficial in HF patients with only mild symptoms. 

Ca utions/contraind ications 

Cautions tor starting treatment include hyperkalaemia and renal impairment. Check renal function prior to starting therapy and again at 1 and 4 weeks after starting treatment. 
Increase dose after 4-8 weeks. Recheck renal function and potassium at 1 and 4 weeks after each dose increase and 3-monthly thereafter. 

Should not be prescribed if a patient is receiving combined treatment with an ACEI and an ARB. 

Side effects 

• Hyperkalaemia: if the potassium rises to >5.5mmol/L the dose of spironolactone (or eplerenone) should be halved and potassium levels monitored. If potassium rises to 
6.0mmol/L, stop spirondactone (or eplerenone) and monitor carefully. 

• Worsening renal function: if creatinine rises to >220pmd/L, halve the dose of spirondactone (or eplerenone). If creatinine rises to >310pmd/L then stop the 
spirondactone/epleronone. 

• Gynaecomastia: this occurs in about 10% of patients given spirondactone. These patients should be switched to eplerenone. 

Digoxin (class lla evidence B for reducing hospital admissions) 

Digoxin is of particular benefit in patients with atrial fibrillation (AF) and HF. It slows down ventricular rate, leading to increased filling time and has a positive inotropic effect. If a 
patient is in sinus rhythm, digoxin can still be beneficial if symptoms persist despite maximum treatment, by reducing hospital admissions, although there is no effect on 
mortality. Loading doses are nd generally required in stable patients. A daily dose of 125-250mcg is appropriate in the context of normal renal function. In the elderly and those 
with renal failure, a smaller dose may be required. 

Contraindications 

2 nd - or 3 rd -degree heart block and pre-excitation syndromes. Caution is required in patients with renal dysfunction. 

Diuretics (symptomatic improvement only) 

See Table 1.5 
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Table 1.5 Diuretics used in the management of HF 



Initial dose (mg) 



Usual dose (mg) 



Loop diuretics 



Furosemide 



20-40 



40-240 



Bumetanide 



0.5-1 



1-5 



Thiazide diuretics 



Bendroflumethiazide 



2.5 



2.5-10 



Metdazone 



2.5 



2.5-10 



Diuretics are used in HF to alleviate symptoms by reducing fluid overload but have not been shewn to improve mortality. Diuretics reduce hospital admissions for worsening 
HF and improve exercise capacity. Commonly used diuretics include loop diuretics and thiazides. Thiazide diuretics may be preferred in hypertensive patients with HF. 

Patients who are in decompensated HF can develop resistance to oral diuretics due to reduced dmg absorption. These patents often require admission to hospital for IV 
diuretics. 

Side effects associated with use of diuretics 

• Hypokalaemia, hyponatraemia, hypocalcaemia, hypomagnesaemia 

• Hypotension 

• Ototoxicity 

• Hyperuricaemia 

Combination of hydralazine and ISDN (H-ISDN) (class lla evidence A) 

Recommendations tor the use of a combination of nitrates and hydralazine (H-ISDN) differ between NICE and AHA/ESC. NICE guidelines recommend, under specialist 
supervision, that this combination may be used in patients intolerant of ACEI or ARBS but do not suggest using it in combination with ACEI/ARB. There is some evidence that 
patients who still have moderate to severe symptoms despite ACEI or ARB and P-blockers may benefit from the addition of hydralazine and nitrate and this is recommended in 
the AHA/ESC guidelines. Evidence is strongest in those of African American background. 

V-HeFT-1 trial'. 642 men were randomized to placebo, prazosin, or H-ISDN. No patients were on p-blocker or ACEI. With H-ISDN there was a trend to a reduction in all-cause 
mortality, RRR 22%. H-ISDN increased exercise capacity and LVEF compared with placebo. 

A-HeFT trial : 1050 African American men and women in NY HA III or IV were randomized to either placebo or H-ISDN. Patients were already on ACEI (70%), ARB (17%) or p- 
blocker (74%). The trial was terminated prematurely at 10 months because of a significant reduction in mortality, 43% RRR. 

The most common side effects were headache, dizziness, hypotension, and nausea. 

Contraindications 

Symptomatic hypotension, 'lupus syndrome' (in V-HeFT-1 and -2 there was a sustained increase in antinuclear antibody in 2-3% of patients but lupus-like syndrome was 
rare), and severe renal failure. 

Anticoagulation in HF 

RCTs have shown a reduction in the risk of stroke in patients on warfarin who have HF and AF. 

There is no good evidence for warfarin in HF patients with intracardiac thrombus or an LV aneurysm but the consensus is that this group of patients probably benefits from 
anticoagulation. 

One RCT reported no difference in the risk of death, Ml, a stroke in HF patients in sinus rhythm on warfarin. The WATCH trial shewed no benefit of warfarin or clopidogrel 
compared to aspirin. 

Calcium-channel blockers in HF 

Amlodipine can be used to treat hypertension and angina in patients with HF. The use of verapamil, diltiazem, or short-acting dihydropyridines can cause clinical deterioration 
and should be avoided. 

Management of AF in HF 

AF is common in patients with HF. Some people may benefit from restor-ation of sinus rhythm but this decision should be made on an individual basis, with specialist input. 
There are no RCTs demonstrating that restoration of sinus rhythm in patients with AF and HF improves mortality. 

A review of the large RCTs of p-blockers in HF shewed that the benefits of these agents are the same whether the patient is in sinus rhythm a AF. 

Non-pharmacological management of chronic heart failure 

The description of non-pharmacological management of HF is beyond the scope of this book and the following section therefore represents just a brief summary. 

Weight monitoring 

Patients should weigh themselves regularly and if they have sudden weight gain (approximately 2kg in 3 days) they should knew how to increase their diuretic therapy. They 
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should also be aware of the risk of volume depletion if their weight falls rapidly. 

Patients who are obese (body mass index (BMI) >30kg/m 2 ) should lose weight in order to improve symptoms and reduce disease progression. 

Fluid restriction 

Restricting volume intake to 1 .5-2L fluid in patients with severe HF may be considered but does not seem to help patients with mild to moderate HF. 

Sodium restriction 

Reducing salt intake helps to reduce fluid retention. 

Alcohol 

Patients suffering with alcohol-induced cardiomyopathy should completely abstain from alcohol. All other patients should not drink excessively as alcohol has a negative 
inotropic effect, may increase BP, and can be cytotoxic. 

Smoking 

No prospective studies have evaluated the effects of smoking cessation in HF but observational studies shew reduced morbidity and mortality with smoking cessation. 

Vaccination 

Vaccination against influenza (annual) and pneumococcus (once) should be considered. 

Myocardial reperfusion 

Reperfuse if there is evidence of myocardial ischaemia. Routine coronary angiography in all patients with HF is not recommended. Conduct angiography in patients with angina 
and perform viability studies in selected patients. 

Cardiac resynchronization/implantable cardiac defibrillator (ICD) 

After the CARE HF trial, NICE (in 2007) recommended cardiac resynchronization therapy-pacing (CRT-P) in patients with an EF <35% and a QRS >150ms or 120-150ms if 
there is evidence of dyssynchrony on the echocardiogram. The PROSPECT trial later showed that there was no single marker of dyssynchrony on echo, so now the ESC (in 
2008) recommend CRT-P far those with EF <35% who are NYHA lll/IV and with a QRS >120ms. 

1° prevention with ICD 

CRT-D (CRT with ICD) in 1° prevention. Different recommendations: 

• NICE in either: 

• EF <35% if non-sustained VT and positive EP study or 

• EF <30% and QRS >120ms. Not appropriate if NYHA IV. 

• AHA 2008; NYHA ll/lll EF <35% (based on ScDHeFT trial) a NYHA I and EF <30% (based on MADIT II trial). 

2° prevention 

Cardiac arrest due to VT or VF, spontaneous sustained VT causing haemodynamic compromise, sustained VT without syncope who have EF <35%. 

Transplantation 

Specialist assessment for transplantation should be considered for patients with severe refractory symptoms or refractory cardiogenic shock. 

Indications 

Objective evidence of cardiopulmonary limitation, e.g. peak V'02max of <10mL/min/kg. Patient dependent on inotropes. 

Contra ind ications/cautions 

Alcohol or drug abuse, severe renal failure (creatinine clearance <50mL/min or creatinine >200pmol/L). Fixed high pulmonary vascular resistance (pulmonary artery pressure 
(PAP) >60mmHg), significant liver impairment. 

LV assist device 

Needs specialist assessment. There is not enough evidence to decide which patients should have LV assist device (LVAD) as a bridge to recovery. Do LVADs provide an 
alternative to transplantation in advanced HF? 

Chronic heart failure with preserved LVEF (diastolic heart failure) 

Definition 

A simple definition of diastolic HF is that of HF with preserved LVEF. In other words, patients present with signs and symptoms of HF but the echocardiogram shews normal 
systolic function, with impaired filling of the LV during diastole. Under physiological circumstances, Doppler across the mitral valve during filling of the LV shews an E wave 
during the passive filling of the LV and an A wave during atrial contraction. In patients with diastolic dysfunction of the LV there are three types of abnormal filling patterns: 

• the E/A ratio is reduced or reversed. Impaired myocardial relaxation leads to a decrease in the E wave (passive ventricular filling) and a compensatory increase in the 
atrial A wave component of filling 

• the E/A ratio is increased. In patients with elevated left atrial (LA) pressure (due to mitral valve disease or decreased LV compliance) there may be an elevated peak E- 
velocity and a short E-deceleration time 
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• patients may have a normal E/A ratio but still have abnormal filling documented by pulmonary venous flow or tissue Doppler of the mitral plane motion. 

Prevalence and prognosis 

HF with preserved EF is present in up to 50% of patients presenting with HF. It is more common in elderly people and those with hypertension or diabetes. Ageing is 
associated with decreases in the elastic properties of the heart and great vessels. The prognosis has been shown to be similar to that of systolic HF. 

Aetiology 

LVH (common) 

• Longstanding systemic hypertension 

• Aortic valve stenosis 

• Hypertrophic cardiomyopathy (with a without LV outflow tract obstruction) 

Myocardial ischaemia (common) 

Pericardial disease (rare) 

i.e. cardiac tamponade, constrictive a effusive pericarditis. 

Treatment 

There is little evidence tor successful treatment of HF with preserved LVEF, partly because these patients were generally excluded from many of the original HF trials. 
ACEIs/ARBs are beneficial in patients with systolic HF but current evidence does not support their use in patients with diastolic HF. 

Results of major trials 

• PEP-CHF trial : among patients aged >70 years with clinical HF and preserved LV systolic function, treatment with perindopril did not differ from placebo in the 1 ° 
endpoint of death or unplanned hospitalizations fa HF. 

• CHARM-preserved trial : candesartan in patients with preserved LVEF did not show a significant reduction in the composite endpoint of death from cardiovascular causes 
a admissions with HF but did show a significant reduction in the risk of investigata-reported admissions fa HF. 

• l-PRESERVE trial: investigated patients who were mostly NYHA III (77%) with normal LVEF. The trial confirmed that angiotensin-recepta blockade with irbesartan is not 
associated with a reduction in cardiovascular mortality and mabidity in patients with HF and namal EF. In fact there was an increase in the incidence of observed adverse 
effects including hyperkalaemia. 

Although there is no evidence that any of the available treatments will reduce mortality in patients with diastolic HF, the following are some useful concepts fa the treatment of 
the condition: 

• control systemic hypertension (aim tor <130/80mmHg) 

• relieve myocardial ischaemia, i.e. caonary revascularization 

• relieve volume overload (diuretics, dialysis, nitrates) 

• decrease heart rate and increase diastolic filling time (P-blockers, digoxin, and calcium-channel antagonists) 

• restore atrial contraction if patient is in AF (cardioversion, antiarrhythmic drugs) 

• renin-angiotensin axis blockade (ACEIs/ARBs) 

• aldosterone blockade (spironolactone). 

Acute heart failure 

Acute HF is characterized by a rapid onset of signs and symptoms of HF requiring urgent treatment. There are several presentations possible and there can be an overlap of 
these presentations: 

• acute pulmonary oedema with severe respiratory distress 

• cardiogenic shock, defined as tissue hypoperfusion, is associated with high in-hospital mortality, i.e. 40-60% 

• hypertensive HF with evidence of vasoconstriction and tachycardia. There is often a relatively normal LVEF in these patients, and in-hospital mortality is relatively low 

• progressive worsening of chronic HF with gradual increase in systemic and pulmonary congestion 

• isolated right HF characterized by raised venous pressure, absence of pulmonary congestion, and a lew output state due to low LV filling pressures. 

Aetiology 

• Cardiac ischaemia: 

• Ml. 

• Acute ventricular septal defect (VSD). 

• Acute mitral valve regurgitation. 

• Arrhythmias. 

• Heart valve dysfunction: 

• Valve stenosis. 

• Valve regurgitation. 

• Endocarditis. 

• Aortic dissection. 
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• Pericardial disease. 

• Increased vascular resistance: 

• Systemic hypertension. 

• Pulmonary hypertension. 

• Circulatory failure: 

• Septicaemia. 

• Thyrotoxicosis. 

• Anaemia. 

• Pulmonary embolism. 

• Decompensation of pre-existing chronic HF: 

• Lack of adherence to treatment. 

• Volume overload. 

• Infections, especially pneumonia. 

• Renal dysfunction. 

• Asthma and COPD. 

• Alcohol and drug abuse. 

Treatment 

In the published trials of acute HF, most agents have been shown to improve cardiovascular haemodynamics but no agent has been shown to reduce mortality. Ttie follcwing 
recommendations are from expert consensus and therefore the level of evidence is C, unless otherwise stated. 

Oxygen 

Administer to maintain oxygen saturation >95% (>90% in COPD if evidence of CO2 retention has been obtained). 

Non-invasive ventilation (NIV) 

Early NIV with positive end-expiratory pressure (PEEP) improves LV function by reducing LV afterload. NIV should be used with caution in cardiogenic shock and RV failure. 
Intubation should not be delayed for a trial of NIV. 

Three recent meta-analyses found that early application of NIV reduces the need for intubation and reduces short-term mortality. However, in 3CPO, a large RCT, NIV improved 
clinical parameters but not mortality. 

Start with a PEEP of 5-7.5cmH20 and titrate up to 10cmH2O. Use a fraction of inspired oxygen (FiC>2) >40%. 

Morphine 

• Good fa treating restlessness, dyspnoea, anxiety, and chest pain. 

• Also acts as a vasodilata. 

• Use boluses of2.5-5mg IV. 

• Use anti-emetics to treat nausea. 

• Use with great caution in patients with CO2 retention due to reduced conscious level, sedated patients, hypotension. There is some evidence from the ADHERE study that 
the use of morphine is associated with a worse modality. 

Vasodilators (class I evidence B) 

• IV nitrates decrease left and right filling pressures and systemic vascular resistance, i.e. glyceryl trinitrate continuous infusion of 1-10mg/h. 

• They are recommended early in acute HF if SBP >110 mmHg and may be used with caution if SBP is between 90 and 110 mmHg. Particularly useful in hypertensive 
HF. 

• Important to monita BP levels and avoid acute drops in pressure. An aderial line would be useful but not essential. 

• Use with caution in patients with aortic stenosis as they may lead to marked hypotension. 

Side effects: headache, hypotension. 

Loop diuretics (class I evidence B) 

• Never evaluated in RCT but universally accepted to be beneficial. 

• Use intravenously. 

• Initial doses: furosemide 20-40mg, bumetanide 0.5-1mg. 

• Higher initial doses may be needed if the patient has renal failure or is receiving chronic diuretic therapy. 

• The highest dose of diuretic that should really be used is as an infusion of240mg in 24h (in exceptional circumstances 480mg in 24h). 

Concomitant use with IV vasodilators may permit a reduction in the dose of diuretic required. A combination of lower doses of different diuretics may be more effective than a 
higher dose ofturcsemide alone. Bendroflumethiazide 2.5mg, metdazone 2.5mg, or spironolactone 25mg can be added to turosemide. If diuresis cannot be restaed, patients 
may need renal specialist treatment. 

Inotropic agents 
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• May acutely improve haemodynamics but they increase oxygen consumption and may worsen myocardial ischaemia/necrosis. No evidence for improved mortality. 
Initiated as early as required but stopped as soon as no longer needed. 

• Need continuous ECG telemetry. BP should be monitored invasively or non-invasively. Dose titrated up against BP and clinical condition and diuresis. When weaning off 
inotropes do this gradually. 

Indications: low SBP in the presence of hypoperfusion if the patient has not responded to correction of preload with fluids or when there is a poor response to diuretics/nitrates 
due to hypotension. 

Side effects: increased risk of ventricular and atrial arrhythmias. Need caution in patients with resting heart rate over lOObpm. 

Additional interventions 

If the measures listed earlier fail to treat cardiogenic shock, the following mechanical interventions can be considered: intra-aortic balloon pump (IABP), intubation, and LVADs 
as a bridge to transplantation. 

If acute coronary syndrome (ACS) is the underlying cause of acute HF, then coronary reperfosion with percutaneous coronary intervention (PCI) or surgery may improve 
prognosis. Urgent surgery can be indicated in patients with mechanical complications after Ml. 



Inotropic treatment in acute HF 



Table 1.6 Inotropic treatment in acute HF 



Inotrope Dosing 

Dobutamine No bdus 

Evidence: class lla Infusion 2-20mcg/kg/min 



Dopamine 
Evidence: class lib 
level C 



No bolus 

Infusion depends on desired effect: 
<3mcg/kg/min (dopamine receptors) 
3-5mcg/kg/min (P receptors) 
>5mcg/kg/min (3 and a receptors) 



Milrinone Bolus 25-75mcg/kg over 10-20min 

Evidence: class lib Infusion 0.375-0.75mcg /kg/min 



Levosimendan Bolus 12mcg/kg over lOmin (if SBP <100mmHg do 

Evidence: class lla not use bdus) 

level B Infusion 0.05-0.2mcg/kg/min 



Noradrenaline No bdus 

Evidence: class lib Infusion 0.2-1.0mcg/kg/min 

level C 



Adrenaline Img bdus only in context of cardiac arrest 

Evidence: class lib Infusion 0.05-0.5mcg/kg/min 
level C 



Effects 

Stimulation of pi receptors 
Need higher doses if on p-blockers 



Lew dose stimulates dopaminergic receptors, can promote diuresis (may be 
combined with dobutamine) 

Medium dose has indropic effects with p stimulation 

At higher dose has alpha-stimulation effect causing vasoconstriction 



Type III phosphodiesterase inhibitor 
Inhibits breakdown of cAMP 
Increases cardiac output (CO) 

Reduces pulmonary vascular resistance 
Concomitant p-blockers do not interact 

A calcium sensitizer which binds to troponin-C improving contractility 
Increases CO 

Reduces pulmonary vascular resistance 
Concomitant p-blockers do not interact 

Not recommended as first line in cardiogenic shock unless coexisting sepsis 
May be used if SBP still <90mmHg despite improvement in CO with first-line 
inotrope and fluids 

Not recommended as first line in cardiogenic shock unless coexisting sepsis 



Clinical trials 

3 CPbO 

Effect of Continuous Positive Airway Pressure and Noninvasive Positive Pressure Ventilation in Acute Cardiogenic Pulmonary Oedema 1 

Treating patients with acute cardiogenic pulmonary oedema with NIV was not associated with a reduction in mortality or need for intubation compared with standard oxygen 
therapy. There was also no difference between NIV and continuous positive airway pressure. 

A-HeFT 

African-American Heart Failure Trial 2 

African-American patients with advanced HF were treated with isosorbide dinitrate plus hydralazine and this resulted in a reduction in the 1° composite endpoint and in all- 
cause mortality compared with placebo. 

AIRE 

Acute Infarction Ramipril Efficacy Study 3 

Patients with signs of HF early after a Ml were treated with ramipril and this reduced mortality and progression to resistant HF. 
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ATLAS 

Assessment of Treatment with Lisinopril and Survival 4 

The use of high-dose instead of lew-dose lisinopril in chronic HF patients did not result in significantly lower all-cause mortality but was associated with a reduced risk of major 
clinical events. 

CARE-HF 

Cardiac Resynchronization Heart Failure Study 5 

In patients with advanced HF and evidence of dyssynchrony despite optimal medical therapy, treatment with CRT was associated with a reduction in the 1 ° endpoint of all- 
cause mortality and hospitalization fa maja cardiovascular events. 

CHARM 

Candesartan in Heart Failure — assessment of reduction in mortality and morbidity 6 
CHARM consisted of three parallel studies looking at the effects of candesartan: 

• CHARM Added — Patients with LVEF <40% already treated with an ACEI 

• CHARM Alternative— LVEF <40%, ACEI intolerant 

• CHARM Preserved— LVEF >40%, with a without ACEIs. 

Candesartan was associated with a reduction in cardiovascular death and HF in the ALTERNATIVE trial and in the ADDED trial, but not in the PRESERVED trial. 

CIBIS-II 

The Cardiac Insufficiency Bisoprolol Study II 

CIBIS-II was the first RCT with sufficient power to address all-cause mortality as a 1° objective. The study was stopped prematurely in March 1998 because of a highly 
significant mortality reduction with bisoprolol. 

COMET 

Carvedilol Or Metoprolol European Trial 7 

The COMET trial was the first randomized mortality trial to compare two fS-blockers in patents with chronic HF. Among patents with moderate and severe chronic HF, treatment 
with carvedilol was associated with a significanty lower rate of all-cause mortality compared with metoprdd tartrate. This study has been criticized fa using the immediate- 
release tdrmulafon of metoprdd tartrate which differs from the contrdled-release formulation of metoprdd succinate used in the MERIT HF trial. 

COPERNICUS 

Effect of Carvedilol on Survival in Severe Chronic Heart Failure 8 

This trial looked at the effect of carvedild in patients with severe HF. Results shewed that beta adrenergic blockade improves survival and clinical outcome in more severe HF, 
when patients are not fluid overloaded a acutely decompensated. The study was terminated early due to the magnitude of benefit in the carvedild arm. 

EPHESUS 

Eplerenone Post-AMI Heart Failure Efficacy and Survival Study 9 

Among patients with acute Ml (AMI) complicated by HF and systdic LV dysfunction, treatment with eplerenone was associated with a reduction in all-cause mortality and the 
composite of death a hospitalization from cardiovascular causes. 

I-PRESERVE 

Irbesartan in Heart Failure With Preserved Ejection Fraction Study 10 

There was no difference between the irbesartan and placebo groups in the incidence of all-cause mortality a hospitalization for cardiovascular causes. Similarly, there was no 
difference between the two groups in the incidence of mortality, cardiovascular hospitalizations, worsening HF, a ventricular arrhythmias. 

MADIT II 

Multicenter Automatic Defibrillator Implantation Trial II 11 

ICD implantation was associated with a 31% reduction in overall mortality compared to conventional therapy. 

MERIT HF 

Metoprolol CFVXL Randomized Intervention Trial in Congestive Heart Failure 12 
Metoprdd provided a 34% reduction in mortality in chronic HF patients with systdic dysfunction. 

PEP-CHF 

Perindopril for Elderly People with Chronic Heart Failure 13 

Among patients aged £70 years with clinical chronic HF and preserved LV systdic function, treatment with perindopril did not differ from placebo in the 1 ° endpdnt of death a 
unplanned hospitalizations fa HF. 
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RALES 

Randomized Aldactone Evaluation Study 14 ' ‘ . 

Use of spironolactone in severe HF was associated with a reduction in mortality and rehospitalization and improved symptoms of HF without increasing safety events. 

SAVE 

Survival and Ventricular Enlargement Trial 15 

Long-term treatment with captopril started eariy post-MI in patients with asymptomatic or minimally symptomatic LV dysfunction improves survival and morbidity due to major 
cardiovascular events. 

SCDHeFT 

Sudden Cardiac Death in Heart Failure Trial 16 

Among patients with NYHA class II a III chronic HF and reduced LVEF, treatment with an implantable ICD was associated with a reduction in all-cause mortality compared 
with placebo, but there was no difference between amiodarone and placebo. 

SENIORS 

Study of Effects of Nebivolol Intervention on Outcomes and Rehospitalisation in seniors with heart failure 17 

Among elderly HF patients, treatment with the (3-blocker nebivolol was associated with a reduction in the 1° endpoint of all-cause mortality and admission for cardiovascular 
events compared with placebo. 

S O LVD-P revention 

The Effects of Enalapril on Mortality and the Development of Heart failure in Asymptomatic Patients with Reduced Left Ventricular Ejection Fractions 18 

In patients with an EF <35% but who are asymptomatic, enalapril reduces the risk of development of HF and hospitalization for HF. There was a trend toward fewer 
cardiovascular deaths in patents receiving enalapril. 
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Overview of stable angina [link] 

Treatment of stable angina [link] 

Pharmacological therapy for stable angina [link] 

Myocardial reperfusion therapies for stable angina [link] 

Prinzmetal’s variant angina [link] 

Cardiac syndrome X [link] 

Further reading [link] 

Clinical trials [link] 

Overview of stable angina 

Background 

Ischaemic heart disease is the leading cause of morbidity and mortality in the developed world. The prevalence of stable angina increases with age, affecting 10-15% of 
women and 10-20% of men aged 65-74 years. Belcw the age of 50-55 years, a more distinct discrepancy between the sexes is seen, with a higher incidence seen among 
middle-aged men. In fact, approximately 70% of all patients with chronic stable angina are male. 

The term angina pectoris describes a clinical symptom: chest tightness. Chronic stable angina pectoris is defined by the presence of characteristic chest discomfort, typically 
occurring at a predictable and reproducible level of exertion, which is relieved by rest and with nitrates. Angina often results from an imbalance between the myocardial oxygen 
supply and demand. Mast commonly, angina is a clinical manifestation of longstanding underlying atherosclerotic coronary artery disease, but can also result from a number of 
other causes, i.e. coronary artery spasm as in Prinzmetal’s variant angina, coronary microcirculatory dysfunction as seen in cardiac syndrome X, hypertension, LVH, 
cardiomyopathy, and aortic stenosis. 

Symptoms of stable angina are typically triggered by effort (e.g. uphill walking or sexual activity, emotional stress, exposure to lew temperature), and present as retrosternal 
tightness, pain, or discomfort. Symptom severity ranges from mild pressure to severe gripping pain; however, there is often no correlation between the severity of pain and 
extent of underlying coronary pathology. As with all types of cardiac pain, the sensation felt may radiate along the ulnar surface of the left arm, to the neck and jaw, to the 
epigastrium or the interscapular region due to somatic innervation. Characteristically, the progression of pain follows a crescendo- decrescendo pattern, gradually reaching its 
maximal intensity within minutes and slowly dissipating after 2-5min of rest or following the administration of sublingual glyceryl trinitrate. Shortness of breath, faintness, and 
fatigue may represent ‘angina equivalents’ in the elderly. Angina pectoris can be graded according to the Canadian Cardiovascular Society functional classification system. 

Differential diagnoses of chest pain can often be excluded by the clinical history. Pleuritic pain, chest wall tenderness, and pain altered by position all suggest other causes. 
Similarly, constant prolonged pain and sharp, fleeting submammary pain are not indicative of stable angina. Patients with exercise-induced angina may have a fixed or 
variable threshold for when symptoms are expected. ‘Crescendo angina’ occurs when symptoms increase in severity and occur at a lewer threshold. A patient presenting with 
‘crescendo angina’, angina occurring at rest, or new-onset severe angina, is likely to be suffering from unstable angina and should be investigated for ACS. 

Pathophysiological bases for pharmacotherapy 

Cardiac function depends on a dynamic process that matches coronary blood flow to current and changing myocardial oxygen demands. Several types of angina exist. The 
underlying pathophysiology in a particular patient is important when considering antiangina therapies. Pain of angina pectoris is due to ischaemic excitation of chemosensitive 
and mechanoreceptive receptors in the heart. 

If the coronary circulation is compromised by the presence of narrowed, stiff atheromatous vessels, and flow cannot therefore adjust to increased myocardial oxygen demand, 
i.e. changes in heart rate, BP, contractility, or LV end-diastolic volume during exercise or stress, the heart becomes vulnerable to ischaemia — often expressed as angina pain. 
Angina, however, can occur also as a result of episodic coronary vasoconstriction (i.e. coronary artery spasm) which may affect both diseased and angiographically ‘normal’ 
arteries. 



Drugs effective in relieving the symptoms of angina act through different mechanisms, which reduce myocardial work, improve flew, or both. Some act primarily as systemic or 
coronary vasodilators, whereas others exert their efficacy mainly through reduction of heart rate and contractility. This alters the threshold at which an angina episode is 
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triggered. 

The transient ischaemia that occurs in chronic stable angina can be exacerbated by alterations in intracellular ion concentrations and microvascular hypoperfusion. Calcium 
overload, resulting from ischaemic-induced sodium channel dysfunction generating a late inward sodium current affecting Na + /Ca 2+ channels, leads to impaired diastolic 
relaxation and increased diastolic wall tension. This worsens the oxygen imbalance and prolongs the chest pain experienced by the patient. 

Important clinical risk factors for coronary artery disease 

• Male gender 

• Postmenopausal status 

• Smoking 

• Obesity 

• Hypertension 

• Hyperlipidaemia 

• Diabetes mellitus 

• Family history of premature ischaemic heart disease (IHD) (l^-degree relative, male <55 years, or female <65 years) 

• Previous IHD, peripheral vascular disease, stroke 

Treatment of stable angina 

Treatment of chronic stable angina aims to relieve symptoms, slew disease progression, and increase survival through prevention of future cardiac events and death. These 
objectives can be achieved with lifestyle modification, pharmacological intervention, and, if necessary, myocardial revascularization (gj Fig. 2a.1 and Box 2a.1, [link], [link]). 
Fa the treatment of refractory angina, several novel therapeutic options exist. 




Fig. 2a.1 

ESC treatment algorithm tor stable angina. 




Lifestyle modification 

Lifestyle modification plays a vital role in the management of chronic stable angina pectoris. Smoking cessation, weight loss, healthy eating, and exercise are among the most 
effective. In very symptomatic patients, certain physically strenuous activities and jobs may need to be avoided. Stress management and increased conditioning through 
modest isotonic exercise may also help. 

Control of underlying medical conditions 
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Optimization of underlying medical conditions in patients with angina includes paying particular attention to BP control in hypertensive patients and to glycaemio control in 
patients with diabetes. Current guidelines suggest a target BP of <130/80mmHg in patients with diabetes, which may also apply to patients with renal disease and those with 
known coronary artery disease. A glycosylated haemoglobin (HbAi c ) level of <7% in patients with diabetes is recommended. Anaemia, taohyanhythmias, fever, thyroid 
disease, and hypaxaemia are other comorbidities that exacerbate angina and should be addressed. 



Pharmacological therapy for stable angina 



Fora summary of therapy guidelines see Box 2a. 1 and Table 2a.1. 



Table 2a.1 Anti-angina drugs 



Drug Indications 

Short-acting Inline 

nitrates (sublingual) treatment for 
Glyceryl trinitrate acute angina 

Isosorbide dinitrate symptoms 

Prophylaxis of 
angina 



Long-acting nitrates 2 nd -line 
Isosorbide dinitrate treatment for 

lsosorbide-5- angina 

mononitrate symptoms 



(3-adrenergic 
receptor blockers 

Metoprolol 

Bisoprolol 

Atenolol (long-acting, 
cardioselective beta- 
blocker lacking 
intrinsic 

sympathomimetic 
activity preferred) 



Inline anti- 
angina drugs 

patients unless 
contraindication 
Improves 
survival in 
patients with 
previous Ml 



Calcium- channel 
blockers (CCBs) 

Nifedipine 

Verapamil 

Diltiazem 

Amlodipine 



2 nd -line 



angina 
symptoms 
Inline 
treatment for 
Prinzmetal's 
variant angina 



Potassium- channel 2 nd -line 

openers treatment for 

Nicorandil angina 

symptoms 



Metabolic agents Refractory 

Trimetazidine angina 

Perhexiline 



Inhibitors of the late 
sodium current 

Ranolazine 



Sinus node Stable angina 

inhibitors 

Ivabradine 



Systemic venodilator, decreases preload, wall 
tension and oxygen requirements Systemic and 
coronary artery vasodilator, decreases afterload 
and improves myocardial perfusion 



(As above) 



Decreases myocardial oxygen demand by 
reducing heart rate and contractility and systemic 
arterial pressure 



Reduce myocardial oxygen demand via systemic 
and coronary vasodilatation, reduced 
atrioventricular conduction (diltiazem and 
verapamil), contractility (diltiazem and verapamil), 
and systemic arterial pressure 



Potassium-channel opener with nitrate moiety and 
nitrate-like effects 

Coronary and systemic vasodilator, decreases 
preload and afterload, and improves coronary flew 

Inhibition of fatty acid oxida-tion promotes glucose 
oxidation, which increases efficiency of cardiac 
metabolism 

Ranolazine is thought to prevent Ca 2+ overload in 
ischaemic myocardial cells by blocking late Na + 
influx, which prevents increased diastolic wall 
tension and decreases oxygen demand 



Selective inhibitor of the Na + /K + If channel that 
controls sino-atrial (SA) node pacing 
Reduces spontaneous firing of SA node 
pacemaker cells, slowing the heart rate 



Comment 

Usually sublingual preparations 

Interaction with phosphodiesterase-5 (PDE-5) inhibitors can cause 
life-threatening hypotension 

Nitrates avoided in patients with severe aortic stenosis and 
hypertrophic obstructive cardiomyopathy (HOCM) 



Oral orchewable tablets, transdermal patch, or paste preparations 
Nitrate-free interval necessary to avoid tolerance 
Nitrates avoided in patients with aortic stenosis and HOCM 
Interaction with PDE-5 inhibitors 

Dose titrated to achieve target resting heart rate of 50-60bpm 
Contraindicated in asthma and severe peripheral vascular disease 
(PVD) 

Ineffective in Prinzmetal’s variant angina, and may induce coronary 

Not recommended in patients with bradycardia atrioventricular (AV) 
block, and sinus node dysfunction 



Long-acting or sustained-release preparations preferred 
Verapamil used with caution if combined with beta-blocker because 
of combined effect on heart rate and contractility 
Short-acting dihydropyridines avoided because risk of precipitating 
infarction 

Long-acting dihydropyridine CCB used in patients with depressed 
L V function 

Dihydropyridine CCB avoided in patients with HOCM 

Negative chronotropic CCB avoided in patients with bradycardia, AV 

block, and sinus node dysfunction 

Vasodilatory drugs avoided in patients with aortic stenosis and 
HOCM 

Preconditions myocardium against ischaemia 



Perhexiline can cause hepatotoxicity and peripheral neuropathy 



Ranolazine is contraindicated in patients with pre-existing prolonged 
GT interval, in those taking other drugs that prolong the CT interval, 
in hepatic failure, and with certain drugs that inhibit liver enzymes, 
such as verapamil and diltiazem. It also interacts with digoxin and 
simvastatin 

Contraindicated in patients with sick sinus syndrome 

Ineffective in patients with AF 

Drug interaction with certain liver enzyme inhibitors 

Shown to decrease hospital admissions for fatal and non-fatal Mis, 

and decrease the need for coronary revascularization in a sugroup of 

patients with stable angina, LV systolic dysfunction, and a resting 

heart rate >70bpm when compared to placebo ('BEAUTIFUL' trial) 



Antiplatelet and lipid-lowering drugs 



These agents are used in patients with stable angina, to improve long-term prognosis and reduce the risk of ACS. Aspirin 75-150mg daily is recommended in all patients with 
stable angina who have no specific contraindications. It helps to prevent arterial thrombosis, and acts via irreversible inhibition of platelet cyclo-oxygenase-1 (COX-1), which 
reduces the production of thromboxane and thus platelet aggregation. Patients at risk of gastrointestinal (Gl) bleed should receive concomitant treatment with a proton pump 
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inhibitor. Selective COX-2 inhibitors are avoided in patients with stable angina due to the potential increased risk of coronary events. Clopidogrel, a non-competitive platelet 
adenosine diphosphate (ADP) receptor antagonist, is often used in patients with angina who are allergic to aspirin. Dipyridamole is not recommended in this setting because of 
a potential risk of worsening angina symptoms. Statins, which inhibit the enzyme HMG-CqA reductase, reduce endogenous cholesterol synthesis, and also have anti- 
inflammatory and antithrombotic properties that are likely to contribute to the improved survival benefits seen with the use of these drugs. Statins are indicated for all patients 
with documented coronary artery disease, irrespective of their plasma total cholesterol levels. 

Anti-angina drugs (Table 2a.1) 

Medications indicated in high cardiovascular risk patients 

These include ACEIs, which are recommended for all patients with known coronary artery disease, a previous history of Ml, and EF <40%, and in those with diabetes mellitus, 
hypertension, and chronic kidney disease. Spironolactone is also considered in post-MI patients who have a low EF and diabetes or heart failure, p-blockers, which are 
recommended as Inline therapy in all patents with chronic stable angina, are particulariy important in those with prior Ml, as they have been shewn to improve survival. p- 
blockers are also used in patients with poor LV function. Influenza vaccination is suggested for patients with chronic stable angina who have had a previous coronary event. 

Myocardial reperfusion therapies for stable angina 

PCI and coronary artery bypass graft (CABG) surgery are considered in patients with severe coronary artery stenosis detected by coronary angiography whose symptoms 
cannot be controlled by conventional medical therapy. Revascularization improves prognosis and symptoms in appropriately selected patients. Revascularization is not 
indicated in patients without significant coronary artery stenosis, in those with mild or no symptoms who have not received optimal medical therapy and do not have significant 
proximal left anterior descending stenosis or demonstrable ischaemia seen with non-invasive imaging, and in those deemed to be at a high risk of procedure-related morbidity 
or mortality. 

Other therapies 

• Mechanical therapies, such as enhanced external counterpulsation (EECP) and spinal stimulation can be used in patients with refractory angina who are not suitable for 
reperfosion therapies. In EECP, pneumatic cuffs placed on the lower legs are used to increase arterial BP and retrograde aortic blood flow during diastole, which decreases 
cardiac work and oxygen demand, and improves coronary flew. Spinal stimulation therapy is based on the gate theory of pain, and works via an electrode placed in the 
epidural space atT1/T2. 

• Other medical therapies under investigation for potential use in the treatment of stable angina are: bosentan, an endothelin receptor blocker; fasudil, a rho kinase inhibitor; 
and testosterone. 

Prinzmetal’s variant angina 

Patients with Prinzmetal’s variant angina present with angina-type pain, which occurs predominantly at rest. There is often transient ST-segment elevation. Variant angina, also 
called vasospastic angina, is caused by epicardial coronary artery spasm. There may be a number of triggers, including hyperventilation, smoking, and cocaine use. The 
diagnosis is made following demonstration of focal spasm seen during coronary angiography, which may require provocation tests using acetylcholine or ergonovine. Coronary 
spasm can occur in both subjects with angiographically normal coronary arteries and patients with stenotic, atherosclerotic arteries. Short-acting nitrates are usually effective in 
ending the episode. Long-acting nitrates and, importantly, CCBs provide the mainstay of preventative treatment. 

Cardiac syndrome X 

Patients with typical angina pain, a positive stress test, negative tests for coronary artery spasm, and angiographically normal coronary arteries, are referred to as cardiac 
syndrome X. This syndrome occurs most often in postmenopausal women. The pathogenesis of cardiac syndrome X is heterogeneous, encompassing different patient 
populations. Microvascular dysfunction, abnormal endothelium-dependent vasoreactivity, and altered pain perception are among the proposed pathogenic mechanisms. 
Treatment of cardiac syndrome X focuses on symptomatic relief, as the prognosis in terms of mortality is good. Nitrates are effective in around half of patients and can be used 
in the first instance. CCBs and p-blockers are helpful, and nicorandil and metabolic agents are tried in refractory cases. In patients with endothelial dysfunction, use of ACEIs 
and statins may be of benefit. Imipramine, aminophylline, psychological therapy, oestrogen replacement, and spinal cord stimulation are additional therapies that have shown 
some efficacy in the treatment of this type of chronic angina. 

Further reading 

Clinical guidelines 

Fox K et at. (2006). Guidelines on the management of stable angina pectoris: executive summary: the Task Face on the Management of Stable Angina Pectais of the 
European Society of Cardiology. Eur Heart 27:1341-81. 

Gibbons RJ et at:, American Heart Association Task Face on practice guidelines (Committee on the Management of Patients With Chronic Stable Angina) (2003). ACC/AHA 
2002 guideline update for the management of patients with chronic stable angina-summary article: a report of the American College of Cardiology/American Heart Association 
Task Face on practice guidelines. J Am Coll Cardiol 41:159-68. 

Background reading 

Marcw DA and Gersh BJ (2008). Chronic caonary artery disease. In Libby P et al. (eds) Braunwald’s Heart Disease: A Textbook of Cardiovascular Medicine, 8 th edn, pp. 
[link], Saunders. 

Clinical trials 

SAPAT 1 

Swedish Angina Pectoris Aspirin Trial 

• 2035 patients with stable angina. 

• Aspirin 75mg daily shewed a 34% reduction in Ml and sudden death when compared to placebo. 



4S 2 
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Scandinavian Simvastatin Survival Study 

• 4444 patients with increased cholesterol. 

• Simvastatin reduced low-density lipoprotein (LDL) cholesterol by 35% and cardiac death by 42% over 4 years when compared to placebo. 

TIBET 3 

Total Ischaemic Burden European Trial 

• 682 patients with chronic stable angina. 

• Combination therapy with nifedipine and atenolol shown to be better than monotherapy in reducing symptoms, and ambulatory and exercise ischaemia in patients with 
severe angina. 

CAMELOT 4 

Comparison of Amlodipine vs. Enalapril to Limit Occurrences of Thrombosis 

• 1991 patients with coronary artery disease and diastolic blood pressure (DBP) <100mmHg followed over 24 months. 

• Treatment with amlodipine produced a 31% relative reduction in cardiovascular events, including hospitalization for angina, acute Ml, and stroke, when compared to 
placebo. 

IONA 5 

Impact Of Nicorandil in Angina 

• 5126 patients followed over 1.6 years. 

• Nicorandil produced a 0.83 RRR in cardiac death, non-fatal Ml, and admission for cardiac pain when compared to placebo. 

BEAUTIFUL 6 

Effects of Ivabradine in Patients With Stable Coronary Artery Disease and Left Ventricular Systolic Dysfunction 

• 10,917 patients with coronary artery disease and LV dysfunction. 

• Ivabradine decreased admission for fatal and non-fatal Ml and need for coronary revascularization in a subgroup of patients with a heart rate >70bpm. 
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Drugs for secondary prevention therapy after ACS [link] 

Further reading [link] 



Background 

Acute coronary syndrome (ACS) encompasses a spectrum of disorders resulting from severe acute myocardial ischaemia. The most common pathogenic mechanism is acute 
intracoronary thrombosis resulting from atheromatous plaque disruption or erosion. Platelet activation, thrombosis, and coronary vasoconstriction are all important pathogenic 
mechanisms in ACS. 

Two major clinical presentations have been identified that require urgent and effective treatment: 

• unstable angina and non-ST-segment elevation myocardial infarction (NSTEMI) 

• ST-segment elevation myocardial infarction (STEMI). 

Despite a common pathophysiological background, differences exist between these two forms of ACS regarding treatment, mainly in relation to the need for thrombolysis and 
the timing of PCI. 



Current global therapeutic strategy 
See Fig. 2b. 1. 




PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). (c) Oxford University Press, 2013. All Rights Reserved. Under the terms 
of the licence agreement an individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for personal use (for details see 
Privacy Policy) . Subscriber: OUP- Oxford Online %28Sales%26 Publicity%29; date: 15 April 2014 




: Acute coronary syndrome 

Management of ST elevation myocardial infarction (STEMI) 



In STEMI, myocardial necrosis is commonly caused by the complete occlusion of a coronary vessel which is often precipitated by disruption of an atherosclerotic plaque. 
Myocardial necrosis occurs within 15-30min of complete occlusion. ECG changes include: 

• ST elevation >1-2mm in adjacent chest leads 

• dominant R waves and ST depression in Vi to V3 (posterior infarction) 

• new-onset LBBB 

• pathological Q waves. 

These ECG changes are associated with a rise in cardiac troponins but it is important to note that if suspected, STEMI should be treated immediately even before the result of 
cardiac troponins is available. Refer to Fig 2b.2 for treatment of STEMI. 




Fig. 2b .2 

Algorithm for treatment of STEMI. Based on ESC guidelines tor management of STEMI ACS, 2008. 

ABG, arterial blood gas; GTN, glyceryl trinitrate; IABP, intra-aortic balloon pump; ISDN, isosorbide dinitrate; ISMN, isosorbide mononitrate; PaC>2, partial pressure of oxygen in 
arteries; SaC>2, arterial oxygen saturation; UFH, unfractionated heparin. 

Algorithm for treatment of STEMI. Based on ESC guidelines tor management of STEMI ACS, 2008. 



n~~i 
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Fig. 2b .3 

Algorithm for treatment of NSTEMI/UA. Based on ESC guidelines for NSTE-ACS, 2007. 
Algorithm for treatment of NSTEMI/UA. Based on ESC guidelines for NSTE-ACS, 2007. 

General measures for patient stabilization 

• Oxygen 

• Morphine 

Anti-ischaemic medications 

• Nitrates 

• P-b lockers 

• CCBs 

Antiplatelet therapy 

• Aspirin 

• Clopidogrel 

• Prasugrel 

• Glycoprotein llb/llla receptor inhibitors 

Anticoagulants 

• Heparin (unfractionated or low-molecular-weight heparin, LMWH) 

• Direct thrombin inhibitors 

• Fondaparinux 

Thrombolytics (for STEMI only) 

• Non-fibrin-specific lytics: streptokinase 

• Fibrin-specific lytics: recombinant tissue plasminogen activator (rTPA) 

Interventional therapy 



• Aspirin 

• P-b lockers 

• ACEIs or ARBs 

• Lipid-lowering drugs (statins and fibrates) 

• Omacor® 

Non-ST elevation myocardial infarction (NSTEMI) 

In NSTEMI, myocardial necrosis is caused by distal embolization of micro-thrombi from larger vessels or due to plaque instability. ECG changes associated with NSTEMI 
include: 



• persistent or transient ST depression 

• T-wave changes (inversion, flattening, pseudo-normalization). 

Occasionally, no ST changes are present on admission, but with a convincing history and raised troponins, NSTEMI may be diagnosed. Although patients presenting with 
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Prevention of further cardiovascular events 




: Acute coronary syndrome 

NSTEMI have lower immediate and short-term mortality than those with STEMI, long-term mortality is significantly increased in such patients and so NSTEMI should also be 
managed aggressively. Refer to Fig. 2b. 3 for treatment of NSTEMI. 




Fig. 2b. 4 

Algorithm: determining whether to use PCI/thrombolysis. Based on ESC guidelines for management of STEMI ACS, 2008. 



Unstable angina 

• Unstable angina (UA) is diagnosed when there is new-onset severe angina, angina occurring at rest, or — in the case of previously diagnosed angina — which is increasing 
in frequency or with reduced exertion and lasting longer in duration. In UA, troponins are not raised but ECG changes are similar to those in NSTEMI. Refer to Fig. 2b. 3 for 
treatment of UA. 

Therapeutic agents 

This section deals with the therapeutic agents used in STEMI, NSTEMI, or UA, as described in Q] Figs.2b.2 and 2b. 3, [link], [link]. 

General measures for patient stabilization (applicable to patients with STEMI, NSTEMI, and UA) 

Morphine 

This agent has to be administered IV (initial dose, 4-8mg followed by an additional 2mg dose at 5-15min intervals until pain resolves) 1 to all patients with severe ischaemic 
chest pain and/or symptoms of heart failure. Alleviating pain reduces sympathetic overdrive and myocardial oxygen demand thus reducing the hsk of arrhythmia and, 
potentially, reducing infarct size. 

(Q Side effects 

Nausea, vomiting, respiratory depression, hypotension, and bradycardia. 

Practical notes 

• Associate morphine administration to antiemetics, i.e. metoclopramide, 5-10mg IV. 

• Watch out for respiratory depression. Naloxone may be required to reverse the effects of morphine. 

• Atropine may be required for treatment of bradycardia. 

• Tranquillizers may also be helpful if the patient is still in considerable pain despite maximal analgesic therapy. 

• Avoid non-steroidal anti-inflammatory drug (NSAID) analgesia due to possible prothrombotic effect in the acute stage. 

Oxygen 

Not all patients need oxygen (see ‘Indications’). All patients should undergo non-invasive oxygen monitoring, i.e. pulse oximeter. Oxygen can be given at 2-4L/min and 
increased as necessary. 

Indications in S TE MI/NS TEMI/UA 

• Patients who are breathless or hypoxic (SaO2<90%) 

• Acute pulmonary oedema 
Practical notes 

• In severe cases, invasive ventilation may be required. 

• There is no evidence that oxygen therapy will improve patent clinical outcome or infarct size. 

• Patients with COPD may be given high-flow oxygen at presentation, provided their ABGs are monitored regularly. Remember that hypoxia will kill before hypercapnia 
can do so. 

Anti-ischaemic medications 
Nitrates 

Indications in S TE I/I l/NS TEMI/UA 

PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). (c) Oxford University Press, 2013. All Rights Reserved. Under the terms 
of the licence agreement an individual user may print out a PDF of a single chapter of a flfle in Oxford Medicine Online for personal use (for details see 
Privacy Policy) . Subscriber: OUP- Oxford Online %28Sales%26 Publicity%29; date: 15 April 2014 



: Acute coronary syndrome 

Nitrates should be used to: 

• Relieve angina. 

• Prevent/relieve symptoms of heart failure. 

IV nitrates are recommended in the acute management of ischaemic episodes. Sublingual nitrate spray can be used for immediate relief of ischaemia/angina. 

Side effects 
Headache, hypotension. 

Contraindications 

Concomitant use of PDE-5 inhibitors, i.e. sildenafil. 

Practical notes 

• Use with caution in patients with baseline SBP<90mmHg. 

• Tolerance to nitrates is closely related to drug dose and duration of treatment. 

(5 -blockers 

Administration ofp-adrenergic receptor blockers reduces myocardial workload and increases the duration of diastole. Early use in low-risk haemodynamically stable patients 
yields a modest benefit. 

p-blocker therapy should be initiated as soon as possible post-MI (ideally within the first 24h), and the dose of the drug should be titrated upwards to the maximum tolerated 
dose. Contraindications to administration include acute decompensated heart failure, evidence of a low cardiac output state, cardiogenic shock, asthma, and severe COPD. 
Patients with contraindications to these agents should be re-evaluated forfS-blocker therapy far 2° prevention. 

NICE guidelines recommend thatp-blockers should be continued indefinitely post-MI as their long-term benefit is well established. 

Indications in STEMI, NSTEMI, and UA 

• In the acute setting, to reduce myocardial oxygen demand 

• In the 2° prevention of ACS. 

Side effects 

Gl disturbances, extreme bradycardia, heart failure, hypotension, conduction disturbances, peripheral artery vasoconstriction, bronchospasm, headaches, and fatigue. 
Caution 

• May precipitate bronchospasm in asthmatics. 

• There is a risk of early-onset cardiogenic shock if given to haemodynamically unstable patients. 

Calcium-channel blockers 

CCBs have been shown to have similar effects top-blockers in improving angina in patients with ACS. They are recommended as substitutes top-blockers when the former are 
contraindicated. 2 

Practical notes 

Diltiazem and verapamil (DAVIT and MDPIT) have been suggested to have deleterious effects in patients with LV dysfunction. Subsequent trials showed that verapamil 
associated with an ACEI can be beneficial in patients presenting with Ml and heart failure. 

Verapamil and diltiazem have negative chronotropic actions and may be used in the absence of heart failure or significant LV dysfunction. 

Indications in STEMI, NSTEMI, and UA 

• When negative chronotropic effect is required andp-blockers are contraindicated. 

Antiplatelet agents 

Aspirin 

Aspirin improves patient outcome 3 and should be given to all patients with ACS as soon as possible unless specifically contraindicated. It prevents the production of 
thromboxane A2, thus reducing platelet aggregation and thrombus formation. 

The CURE trial showed that aspirin 300mg loading dose (followed by 75-150mg daily) combined with clopidogrel 300mg loading dose (followed by 75-150mg daily thereafter) 
significantly reduces cardiovascular death with benefits seen within 24h. 4 The ISIS-2 study demonstrated that aspirin saves 50 lives per 1000 Ml patients treated. 5 

All patients with suspected ACS should receive 150-325mg chewable non-enteric-coated aspirin, followed by 75-100mg once daily. 

Practical notes 

• The patient does not necessarily need to chew the aspirin or dissolve it but can swallow it whole. 

• Preferably use non-enteric-coated aspirin, due to the shorter onset of action. 

• Aspirin can be given via other routes if the oral route is not appropriate. 

(A) Side effects and contraindications 
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• Gl bleeding. In patients with high-risk Gl bleeding an oral proton pump inhibitor (PPI) (i.e. omeprazole, lansoprazole, esomeprazole) can be added. 

• Bronchospasm in patients with asthma. 

• Anaphylactic shock in hypersensitive individuals. 

• Aspirin is contraindicated in patients with hypersensitivity to this agent, active Gl bleeding, and severe hepatic disease. 

Thienopyridines (clopidogrel, ticlopidine, prasugrel) 

Clopidogrel is used in the treatment of both STEMI and NSTEMI. It antagonizes the platelet ADP receptor and thus blocks platelet aggregation. Current ESC guidelines 
recommend that all patents presenting with Ml should receive a loading dose of 300-600mg of clopidogrel, followed by a 75mg daily dose for 12 months. 1 

The CURE trials showed a significant reduction in the occurrence of vascular events in patients treated with aspirin and clopidogrel compared to those treated with aspirin 
alone, without a significant increase in life-threatening bleeds. 4 

(0 Ticlopidine is not routinely used currently in clinical practice because of its potential side effects, i.e. agranulocytosis and life-threatening neutropenia. 

Prasugrel is a novel thienopyridine, which has shown to be more potent and more consistent in preventing platelet aggregation. The TRITON-TIMI38 trial has shown in patients 
who have had PCI following STEMI, that prasugrel was superior to clopidogrel. A loading dose of 60mg is given initially followed by a daily lOmg dose thereafter. Overall 
mortality did not differ between the two groups; however, prasugrel showed a net reduction in non-fatal Ml with a slight increase in bleeding compared with clopidogrel. 

Indications for clopidogrel 

• All patients with STEMI, NSTEMI, and UA, in addition to aspirin 

• Patients with a contraindication to aspirin 

• After coronary stenting to aid stent patency. 

<0 Side effects of thienopyridines 

Bleeding, Gl symptoms (i.e. diarrhoea and constipation). 

Practical notes 

• If coronary surgery is indicated, clopidogrel should be stopped fa 5 days pria to the intervention to minimize the risk of excessive bleeding. 

• Clopidogrel should not be used concomitantly with PPIs as these agents have been shown to reduce the anfi-aggregant efficacy of clopidogrel. H 2 antagonists (i.e. 
ranitidine) may be used instead. 

New emerging antiplatelet therapies 

Data on new anfiplatelet therapies that may help optimize anfi-aggregant treatment and decrease morbidity and mortality in patients with ACS are emerging. Trials are now 
being conducted to assess the safety and efficacy of the new antiplatelet agents, ticagrelor and cangreior. Head-to-head comparative studies of these agents versus 
clopidogrel and aspirin are necessary to define the true role of these emerging therapies in the management of patients with ACS. Preliminary reports appear to show 
promising results with these new agents in relation to both safety and efficacy. 

Glycoprotein llb/llla antagonists 

Main agents in this drug category include abciximab, epfifibatide, and firofiban. These agents block the final pathway of platelet aggregation by inhibiting bridging mechanism 
between platelets. Abciximab is a monoclonal antibody, epfifibatide a cyclic peptide, and firofiban a pepfidomimefic inhibitor. They are given in ACS patients undergoing PCI. 

Abciximab: this is a GP llb/llla inhibitor that is derived from the Fab fragment of immunoglobulins and is used to antagonize the GP llb/llla receptor on activated platelets. It is 
given to patients during elective (especially in patients with diabetes a who are known to have renal insufficiency) a urgent angioplasty and infused in patients undergoing 1 ° 
PCI for STEMI. It reduces the risk of ischaemia intraprocedurally and the need tor revascularization within 1 month of treatment. It has a relatively short half-life of lOmin but 
postinfusion, its effect on platelet aggregation can linger for hours to days. 

Abciximab reduces 30-day mortality if given periprocedurally in PCI. 6 

Epfifibatide and firofiban are GP llb/llla inhibitors that are recommended in high-risk patients with unstable angina or NSTEMI. This includes patients presenting within 24-48h 
of chest pain with dynamic ECG changes, raised troponin levels, and multiple risk factors. They reduce the risk of further cardiac ischaemia (progression to myocardial infarct) 
and risk of death, firofiban is a synthetic, non-peptide molecule that antagonizes the GP llb/llla receptor. Epfifibatide is a cyclic heptapeptide. 

Epfifibatide and firofiban have been shown to reduce significantly the incidence of ischaemic events when given to patients pria to revascularization. 

Current NICE guidelines recommend that GP llb/llla antagonists in conjunction with aspirin and heparin should be given to patents with high-risk unstable angina a NSTEMI. 

(0 All GP llb/llla antagonists carry the risk of potentiating bleeding by virtue of their mode of action. They also carry the risk of inducing thrombocytopaenia, particularly 
abciximab, which can result in platelet levels felling from normal to zero. In such cases, the GP llb/llla inhibita infusion needs to be terminated and specialist advice sought, 
including platelet transfusion. The effect on thrombocytopaenia can last fa up to 5 days after termination of infusion. As such, they are contraindicated in patents that are 
already significantly thrombocytopaenic a in those with bleeding disaders. 

Indications in STEMI, NSTEMI and UA ( See Fig.2b.4) 

• Pria to caonary revascularization (PCI) 

• When PCI is not available and thrombolysis is contraindicated in STEMI patients 

• All high-risk NSTEMI and UA patients. 

Practical notes 

• Use epfifibatide a firofiban in intermediate- a high-risk NSTEMI patients (significant ST depression and/a troponin positivity). 

• GP llb/llla antagonists must be combined with anticoagulant therapy (heparin). 

• Abciximab is given as 0.25mg/kg IV bolus followed by 0.125mcg/kg/min infusion (maximum lOmcg/min) over 12b. 1 
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Q Side effects 



• Increased risk of bleeding 

• Thrombocytopaenia. 

Anticoagulant agents 
Heparin 

Heparin (LMWH and unfractionated heparin) should be administered to all patients with ACS. LMWH has more selective antithrombin and anti-factor Xa actions than 
unfractionated heparin. It is administered SC and does not require regular APTT (activated partial thromboplastin time) measurements and is less likely to cause heparin- 
induced thrombocytopaenia (HIT) compared to unfractionated heparin. 7 

Heparin is very important in patients with STEMI given thrombolytic therapy as there is a prothrombotic effect after thrombolytic administration of rTPA. As such, all patients 
given rTPA should be given heparin cover for the first 48h to reduce the risk of re-infarction. 

Indications in STEMI 

• Prior to coronary revascularization in PCI 

• With rTPA administration, for 48h 

• In patients in whom fibrinolysis is contraindicated and PCI is unavailable within 2h 
Indications in NSTEMI and UA 

In all patients, and especially prior to PCI. 

Fondaparinux 

This synthetic pentasaccharide is a selective factor Xa inhibitor that binds to antithrombin III and potentiates its anticoagulant function. It is a relatively new treatment used in the 
management of ACS, STEMI, and NSTEMI in place of LMWH. It has the added advantage that a fixed SC dose of 2.5mg can be given daily for 3 days from hospital 
presentation and the dose applied does not depend on body weight. Less thrombocytopaenia is reported compared to fractionated heparin. 

The OASIS 5 and OASIS 6 trials compared fondaparinux against enoxaprin in patients with unstable angina or NSTEMI and STEMI. Fondaparinux showed fewer bleeding 
events, at 1 and 6 months after ACS and a good preventative action regarding re-infarction and mortality in STEMI, UA, and NSTEMI patients. Recommended dose: 2.5mg daily 
SC. 

Indications in ACS 

• Same as enoxaparin 

• Known history of HIT 
Caution 

• Not to be given before PCI, and has no role in 1° PCI 

• Reduce dose in patients with renal impairment 

Direct thrombin inhibitors 

These dmgs provide a useful alternative if there is a contraindication to heparin anticoagulation. Examples of direct thrombin inhibitors are hirudin and lepirudin. 

Thrombolytic therapy 

Practical notes 

• This is a valid treatment option in patients with STEMI but not for those with NSTEMI or UA. Not indicated in NSTEMI/UA patients. 

• Fibrinolytic therapy allows plasminogen to be converted to plasmin, which causes lysis of the fibrin-rich clot to allow coronary reperfusion. 

• Time plays an important role regarding the benefit of thrombolysis. The earlier it is administered after onset of chest pain, the greater the beneficial effects. The 
overwhelming benefit of fibrinolytic treatment is seen in patients presenting within 12h of chest pain onset. The greatest benefit is within the first 2h and it then falls off 
dramatically after 4h. 

• Administration after 12h from symptom onset appears to be associated with an increased incidence of serious complications such as cardiac rupture. 8 

• Importantly, PCI and stenting produce better results in STEMI patients than thrombolytic therapy. 2 

• STEMI patients in whom fibrinolytic therapy failed once, and PCI facilities are unavailable, can undergo a 2 nd trial of fibrinolysis. 

• Thrombolysis can be inhibited with tranexamic acid and aprotinin; both drugs can be used to treat conditions in which there is bleeding or a risk of bleeding. 

Indications in STEMI 

When 1° PCI is not available. 

(£} Side effects of thrombolytics 

• Haemorrhage: intracranial haemorrhage is the most serious 

• Reperfusion arrhythmias may occur 

• Allergic reaction, particularly with streptokinase, which may require treatment with lOOmg IV hydrocortisone and lOmg IV chlorphenamine 

• Hypotension 

Absolute contraindications to thrombolytic therapy : 1 
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• Active intracranial malignancy 

• Suspected aortic dissection 

• Any history of haemorrhagic stroke 

• History of ischaemic stroke within 1 year 

• Active internal bleeding 

Relative contraindications to thrombolytic therapy: 1 

• Ischaemic stroke>1 year ago 

• General surgery>2 weeks ago 

• Significant hepatic dysfunction 

• Significant renal dysfunction 

• Chronic severe hypertension 
J^Dose 

The dose depends on the fibrinolytic agent chosen. As such, always consult the BNF and your local hospital protocols. Please see m [link], Section 2 of this book for further 
details. 

Non-fibrin-specific lytics 

Streptokinase: the least effective of the fibrinolytic medications to achieve full coronary arterial reperfusion, with the lowest survival rates. However, streptokinase is also the 
least expensive of the thrombolytic therapies. 

Practical note 

Never re-administer streptokinase because of the risk of an anaphylactic reaction and the development of antibodies which can impair its activity. 

S§ Dose 

1.5 million units given intravenously in 100ml of normal saline over one hour. 1 

Fibrin-specific lytic agents 

Alteplase (recombinant tissue plasminogen activator) 

The TIMI trial and an angiographic substudy of GUSTO showed that this was better than streptokinase in terms of myocardial reperfusion (54% coronary reperlusion vs. 31% 
for streptokinase at 90min) 9 . 

Alteplase should be given as 15mg IV as a bolus injection followed by 0. 7mg/kg over half an hour (up to a maximum of 50mg), followed by 0. 5mg/kg over 1h (up to a 
maximum of 35mg). Then IV heparin should be administered , 1 



3h infusion : lOOmg administered as 60mg in the first hour (of which 6-10mg is administered as a bolus), 20mg over the 2 nd hour, and 20mg over the 3 rd hour. 

Tenecteplase and reteplase 

These have longer half-lives and so can be administered via a bolus injection rather than as IV infusions, allowing for more rapid drug administration. The GUSTO III trial 
shewed similar coronary reperfusion results fa alteplase and reteplase. Although they can be provided by means of a bolus, they have not been shewn to confer a survival 
advantage over the other fibrinolytics that need to be administered by means of infusion. 10 
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Drugs for secondary prevention therapy after ACS 



A variety of drugs are useful in the post-ACS episode and it is import-ant that both the hospital and general practice ensure that the patient is on the optimum dose and variety 
of medications to improve morbidity and minimize mortality. Such medications are listed in Table 2b. 1. Drugs used in 2° prevention of ACS not already discussed in this 
chapter are summarized in Table 2b .2. 



Table 2b. 1 Drugs used for secondary prevention after ACS 



Pharma- Mechanism of action Side effects 

cological agents 



Contra-indications 



Trials 

supporting 



ACEIs Inhibition of renin-angiotensin-aldosterone 

(ARBs to be used system (RAAS) and potentiation of 
if ACEIs bradykinin effect 

contraindicated) 



Hypotension, dry cough, 
hyperkalaemia, angio-oedema 



Renal artery stenosis, pregnancy, 
women of child-bearing potential, 
breastfeeding 



HOPE 

EURO PA 
study 



Statins 



Inhibit HMG CoA reductase thus inhibiting 
cholesterol synthesis. 

Reduce atheromatous plaque growth and 
stabilize plaques 



Myopathy or myalgia, rhabdo- 
mydysis, tiredness, headaches, Gl 
disturbances 



Myopathy, pregnancy, breastfeeding, 
active liver disease 



4S trial, 
CARE 

MIRACL 



LIPID study 



Fibrates 



Reduce triglyceride concentration 



Gl disturbances, anorexia 



Severe hepatic and renal impairment, VA-HIT Trial 
biliary cirrhosis, hypoalbumin-aemia 
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Table 2b .2 Summary of therapeutic 
Name Classification 

Oxygen Immediate therapy 



agents in ACS 

Indications 



Hypoxia (Sp0 2 1 <92%/Pa0 2 <11.5kPa) or 
dyspnoea 



Aspirin Antiplatelet therapy 

Clopidogrel Antiplatelet therapy 

Prasugrel Antiplatelet therapy 



Ongoing ischaemic cardiac pr 



Inhibits platelet aggregation and reduces risk 
further thrombosis; post-coronary stenting; 
contraindication to aspirin 

Inhibits platelet aggregation and reduces risk 
further thrombosis; post-coronary stenting; 
contraindication to aspirin 

Hypertensive at presentation; ongoing 
ischaemic cardiac pain; relief of symptoms of 



Suggested dose 

2- 4L/min progressing to high-flcw 0 2 

3- 5mg IV or SC morphine 
300mg then 75mg od 
300-600mg followed by 75mg od 

60mg followed by lOmg od 



Caution 

COPD 



Peptic ulcer; 
allergy; 

bleeding, PPIs 



Hypotension; 
concomitant use with 
phosphodi-esterase 
inhibitors not recommended 



Bisoprdd 1.25mg then titrate upwards a 



Cardiogenic shock; 
hypotension; bradycardia; 
asthma 



CCBs Anti-ischaemic 

therapy 

Heparin Anticoagulant 

LMWH Anticoagulant 



STEMI; post rTPA tor 48h 



Prevents further clot formation in NSTEMI 



Additional therapy Diabetes mellitus 



Diltiazem 120-360mg slow-release daily 
Enoxaparin 1.5mg/kg bd for 5 days 
Enoxaparin 1.5mg/kg bd for 5 days 
Insulin and 5% glucose IV 



Bleeding; 

HIT 

Bleeding; 

HIT 

Hypogly-caemia 



STEMI/new onset LBBB (within 90min); facility 
available. 

NSTEMI: intervention for high-risk patients, 
ongdng chest pain and ECG changes despite 
optimal therapy 



GP llb/llla Antiplatelet therapy 



Thrombdytic agent 
(coronary 
reperfusion 
therapy) 



STEMI; new-onset LBBB with cardiac ct 
pain; facility for PCI not available 



Clopidogrel 75mg od after stenting 



Abciximab: bdus 250mcg/kg over Imin 
fdlowed by IV infusion of 125ng/kg/min. 
Tirofiban: 400ng/kg/min fa 30min, fdlowed 
by lOOng/kg/min fa at least 48h. Max 108h 

1.5 million units IV in lOOmL 1M saline over 



Bleeding disaders 



ACEI 



Statins 



Thrombdytic agent 
(caonary 
reperfasion 
therapy) 

Additional therapy 



STEMI; new-onset LBBB with cardiac chest 
pain; facility fa PCI not available; previous 
exposure to streptokinase 



Important in 2° prevention of Ml ar 
mortality results 



Additional therapy 
1 Sp0 2 , oxygen saturation measured by pulse o> 



15mg IV bdus then 0.75mg/kg over 30min 
(max 50 mg) then 0.5mg/kg over 1h (max 
35mg) with IV heparin 



Ramipril 1.25mg od then titrate upwards 



Simvastatin 20-40mg daily 



STEMI only; 

haemorrhage; allergy; recent 
surgery 



Renal artery stenosis; 
pregnancy; breastfeeding 
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Prevention of cardiovascular disease [link] 

Treatment [link] 

Cardioprotective agents [link] 

Trials supporting current recommendations [link] 

Further reading [link] 

Prevention of cardiovascular disease 

The aim of prevention is to improve life expectancy and quality of life by reducing cardiovascular events in high-risk patients. 

Prevention is often described as primary, involving subjects who are at risk of developing cardiovascular disease (CVD) but are currently asymptomatic and have no evidence 
of CVD, or secondary, in those with diagnosed CVD. 

Three high-risk groups require their modifiable risk factors to be treated intensively. These are: 

• patients with diagnosed CVD 

• individuals with >20% risk of developing CVD over 10 years 

• patients with diabetes. 

In addition, other subgroups that require aggressive 1° prevention are those whose 10-year cumulative risk of CVD is <20% but who have one risk factor which is very high, 

• hypertensive subjects with a SBP >160 mmHg or DBP >100mmHg and/or end organ damage 

• subjects with total cholesterolhigh-density lipoprotein (TC:HDL) ratio £6 

• individuals with familial dyslipidaemia. 

All these patient subgroups require lifestyle advice, and management of BP, lipids, and glucose. Selected groups of patients will also require additional cardioprotective 
measures (such as antiplatelet treatment). 

Calculating CVD risk 

Several charts can be used to estimate the probability of developing CVD over 10 years (see Figs. 2c. 1 and 2c.2). Anyone over 35-40 years of age should have their CVD 
risk calculated. 
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Charts to calculate the percentage risk of a cardiovascular event in the next 10 years in asymptomatic men. Pretreatment figures should be used but if they are not available 
assume SBP 160mmHg, and TC 6mmol/L © University of Manchester. 




Fig. 2c.2 

Charts to calculate the percentage risk of a cardiovascular event in the next 10 years in asymptomatic women. Pretreatment figures 
available assume SBP 160mmHg, and TC 6mmol/L. © University of Manchester. 



: if they are not 



CVD risk estimation is of less relevance in patients with diabetes or known CVD, as they are all at high risk and need to be treated as such. 

Treatment 

Lifestyle advice 

• Stop smoking: in patients with known coronary heart disease (CHD) the future cardiovascular risk falls to the level of non-smokers 2-3 years after smoking cessation. In 
asymptomatic patents it takes 5-10 years to get the risk of future events down to the level of non-smokers. Nicotine replacement combined with smoking cessaton 
counselling can increase cessaton rates by up to 2-fold. Antidepressants, bupropion and nortriptyline may be helpful. 

• Dietary advice: aim tor a salt intake <100mmol/L per day. Alcohol consumpton maximum 21 units per week for men and 14 units per week in women. Polyunsaturated 
fatty acids are inversely related to CHD risk. Plant sterols incorporated in the diet will reduce the absorpfon of cholesterol by 5-10%. Aim for dietary fat <30% of total 
energy intake. 

• Physical activity: at least 30min of aerobic exercise per day. 

• Optimal weight and weight distribution: aim fora BMI of 20-25kg/m 2 . Avoid central obesity. 

Blood pressure 

Hypertension is defined as a SBP persistently £140mmHg or DBP £90mmHg. 

Specifics of the pharmacological management of BP are discussed on [link]. 

Who needs blood pressure-lowering drugs? 

• Anyone with a SBP >160mmHg or DBP alOOmmHg. 

• If SBP 140-1 60mmHg or DBP 90-100mmHg then drug treatment should be started if the patient has: 

• diabetes 

• known CVD 

• CVD risk >20% over 10 years (1° prevention) 

• target organ damage. 
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• If SBP >130mmHg or DBP >80mmHg and patient is at very high risk — previous Ml/cerebrovascular accident (CVA)/transient ischaemic attack (TIA)/chronic renal failure 
(CRF)/diabetes mellitus — then intervention should be started. 

Target for treatment 

Aim for SBP <140mmHg and DBP <85mmHg if no evidence of target organ damage. If there is evidence of target organ damage aim for SBP <130mmHg and DBP 
<80mmHg. Similarly, in patients with diabetes aim for <130mmHg SBP and <80mmHg DBP. 

Practical notes 

• Target organ damage = HF, CHD, CVA, TIA, PVD, CRF, retinopathy, LVH. 

• A reduction in BP by an average of 12/6mmHg can reduce stroke by 40% and CFID by 20%. 

LDL and HDL cholesterol levels are important determinants of cardiovascular risk. A high LDL and low HDL are associated with increased incidence of cardiovascular events, 
file main target for management is LDL but many people have mixed dyslipidaemia, even then the 1° target is LDL. Triglycerides (TGs) also appear to have a significant role. 
2° causes of hyperlipidaemia, i.e. alcohol excess, diabetes mellitus, renal disease, liver disease, and hypothyroidism, should be identified and corrected. 

Who needs lipid-lowering treatment? 

• Everyone with a diagnosis of CVD (2° prevention required in these subjects regardless of cholesterol levels). 

• 1° prevention in high-risk individuals (10-year CVD risk >20%). Recheck risk after 3-6 months of lifestyle changes before commencing drugs. 

• 1° prevention ifTC:HDL ratios 6. 

• Patients with type 1 and 2 diabetes should be on statins if >40 years of age or aged 18-39 and with at least 1 of the following: 

• retinopathy 

• nephropathy 

• poor glycaemic control (HbA-| C >9%) 

• high BP requiring medication 

• TC >6mmd/L 

• metabolic syndrome 

• family history of premature CVD. 

Treatment options 

• Statins: main effect is LDL reduction but they also increase HDL by 3-10%. 

• Fibrates: increase HDL and reduce TGs but have a modest effect on LDL. 

• Ezetimibe: lowers LDL by about 15-20% when added to diet modification or by 20-25% when added to diet and a statin. 

• Nicotinic acid increases HDL. 

• Omega-3-acid ethyl esters (Omacor®) reduce TGs. 

• Bile acid sequestrants (colestyramine and colestipol): they reduce cholesterol substantially and are appropriate fa patients with severe elevations in LDL such as in 
familial hyperchdesterdaemia. However, they are generally nd well tderated (cdesevelam has been reported to be better tderated). 

What to treat with? 

Patients requiring drug treatment are, for cost reasons in the United Kingdom, commenced on simvastatin and titrated up to 40 a 80mg od (many would argue that the risk of 
80mg outweighs the benefit and particularly should nd be used for 1° prevention). If a patient does nd achieve target chdesterd on simvastatin the options are to either switch 
to a higher-intensity statin such as atorvastatin or rosuvastatin, or add ezetimibe to simvastatin. NICE guidelines (May 2008) suggest that it is nd cost-effective to switch to 
atorvastatin but clinicians vary in their chdce. If 2 nd -line chdce is to change to atorvastatin and the chdesterd is still nd contrdled then ezetimibe lOmg od can be added. 

Fa 1° prevention, powerful statins, fibrates, or anion exchange resins should nd be routinely offered. 

Fa ACS, NICE recommends a 'high-intensity' statin and in the UK some primary care trusts will recommend simvastatin 80mg od fa cost reasons. However, many 
physicians would prefer to use atorvastatin 40mg. In patients unable to tderate statins, ezetimibe monotherapy may be a reasonable option. 

Targets for treatment in high-risk patients 

• TC <4mmd/L a 25% reduction from baseline (whichever is lower). 

• LDL <2mmd/L a 30% reduction from baseline (whichever is lower). 

In the CARE and LIPID studies there was no benefit d statins if the pretreatment LDL chdesterd concentration was <3.5mmd/L. However, the Heart Prdection Study showed 
that even with pretreatment LDL levels d2.6mmd/L, lowering LDL to 1.7mmd/L after treatment produced a similar relative risk reduction compared with higher pretreatment 
LDL chdesterd levels. This was confirmed by ASCOT. 

Tlie Chdesterd Trialists Cdlabaation showed a linear relationship between absdute reductions in LDL and proportional reductions in vascular events; a 21% reduction in maja 
vascular events fa every Immd LDL reduction. This is why, regardless dthe pretreatment chdesterd level, the aim should be to reduce it further. 

If target levels fa chdesterd are nd achieved on statin monotherapy then add ezetimibe or a bile acid sequestrant. 

Fa isdated lew HDL or high TG, Inline treatment is a fibrate; nicotinic acid can be also considered. 

Fa management of isdated hypertryglyceridaemia, a fibrate can be used. Omega-3 fatty acids, i.e. Omacor® 1-2g od, can be added if required. 

Glycaemic control 
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• A continuous relationship exists between glycaemia and CVD risk. 

• See Fig. 2c.3 for diagnosis of diabetes, impaired glucose tolerance (IGT), and impaired fasting glucose (IFG). IFG and IGT are associated with an increased risk of type 
2 diabetes. Progression to diabetes can sometimes be prevented with lifestyle changes. Other treatments that reduce the rate of progression are acarbose in patients with 
IGT and orlistat in obese subjects. 

• Professional dietary advice, weight management, and increased physical activity are recommended for all individuals with abnormal glucose metabolism. 

• Insulin is required in subjects with type I diabetes. 

• In individuals with type 2 diabetes, metformin should be prescribed to obese patients. It does not cause hypoglycaemia but caution is required with renal failure. 

• Gliclazide is safer in patients with renal failure but can cause hypoglycaemia. 

• Glitazones are contraindicated in HF. 




Oral glucose tolerance test (OGTT). After an overnight fast 75g of glucose are administered. Blood samples are taken 2h after the glucose load. All units fa glucose are in 
mmol/L. IFG, impaired tasting glucose; IGT; impaired glucose tolerance. 

Targets for treatment 

Fa people with type 1 and 2 diabetes mellitus, the targets fa optimal glycaemic control are a fasting glucose of 4.0-6.0mmol/L and an HbA 1c of S6.5%. 

Cardioprotective agents 

In addition to controlling BP, lipids, and glucose, there are other interventions that are known to be cardioprotective: 

Aspirin (75mg) 

• Recommended fa all people with atherosclerotic disease. 

• Fa 1° prevention in anyone over 50 years of age with a CVD risk >20%. There is some debate altera recent meta-analysis as to the benefit of aspirin in 1° prevention. 

• All patients with diabetes should be on aspirin if >50 years dd, a younger if they have had diabetes fa >10 years a are on treatment fa hypertension. Note: this 
indication may be revised in the future in view of results of recent trials and meta-analyses that have questioned the value of aspirin in this setting. 

if aspirin is contraindicated, clopidogrel can be used (shown to be marginally more effective than aspirin in CAPRIE trial, but not cost-effective). 

The Antithrombotic Trialists Cdlabaation meta-analysis in patients with known atherosclerotic CVD shewed that aspirin reduces all-cause mortality, vascular mortality, non-fatal 
Ml, and stroke. 

P-blockers 

These agents are indicated fa all people tdlcwing Ml, particularly if there is evidence of HF a ventricular arrhythmias. 

ACEIs 

Indicated in patients with signs a symptoms of HF at the time of Ml and in those with persistent LV dysfunction post infarction (EF<40%). Consider ACEIs in subjects with 
CHD especially if BP >130mmHg systdic and 80mmHg diastdic. 

ACEs/ARBs are indicated in diabetes when there is microalbuminuria, proteinuria, a diabetic nephropathy. 

The HOPE and EUROPA trials shewed that ACEIs reduced the risk of Ml and CV mortality in high-risk individuals even in the absence of LV dysfunction a hypertension. 

See next section fa details m Statins, [link]). 

Treatment following acute Ml 

Antiplatelet 

Fdlowing a NSTEMI, all patients should be on aspirin and clopidogrel fa a year. Continue aspirin indefinitely thereafter. CURE showed that this strategy reduced the composite 
endpoint of cardiovascular death, Ml, and stroke in the first year after ACS. 

Fa patients with STEMI, NICE recommends a shorter period of time on clopidogrel, one month. Fa patients who undergo PCI see [link], Antiplatelet therapy, for duration of 
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antiplatelet therapy. 

For patients with a history of aspirin-induced ulcer bleeding whose ulcers have healed and who are Helicobacter pylori negative, consider a lull-dose PPI and low-dose aspirin. 
Practical note 

file cytochrome P450 system, which converts clopidogrel to its active component, is inhibited by PPIs. As such, PPIs may reduce the effectiveness of clopidogrel and it may 
be necessary to switch from a PPI to alternative forms of gastric protection if the patient requires clopidogrel. 

For patients unable to take aspirin or clopidogrel consider warfarin (international normalized ratio (INR) 2-3). Fa patients unable to take clopidogrel who are at a low risk of 
bleeding consider aspirin and warfarin (INR 2-3). 

P -blockers 

Fa acute thrombolysed STEMI, previous guidelines recommended the use of IV p-blockers, followed by aal p-blockers. Guidelines have changed with later evidence. 
COMMIT/CCS-2 shewed that acute IV high-dose metoprdol within 24h followed by aal metoprolol did not significantly reduce death a reinfarction. In fact, metoprolol led to mae 
cardiogenic shock from days 0-1 in high-risk patients. Current recommendations suggest that aal p-blocker therapy should be initiated in the first 24h after STEMI and 
NSTEMI in patients who do not have signs of HF, evidence of a low output state, a increased risk of cardiogenic shock. 

Patients with moderate or severe LV failure should receive P-blocker therapy as 2° prevention, once stable, with a gradual titration scheme. 

It is reasonable to administer an IV p-blocker at the time of presentation to STEMI patients who are hypertensive and who do not have any signs of HF. 

If P-blockers are contraindicated, consider diltiazem a verapamil for 2° prevention in patients without HF. The aim is to reduce the heart rate in these patients. 

AC Els 

Offer ACEIs early after presentation and titrate upwards to the maximum tolerated or target dose. If intolerant to ACEI consider ARB. Continue ACEIs indefinitely regardless of LV 
function. After Ml, ACEIs reduce the risk of death. 

Statins 

Start as soon as possible after Ml. Either simvastatin 40mg od or atorvastatin 40mg od. NICE recommends higher doses after ACS (i.e. simvastatin 80mg od) although, as 
stated earlier, many prefer to start with atorvastatin 40mg od. 

Practical note 

Fasting lipids should be estimated at least 8 weeks after the event. Cholesterol falls during an acute event and only rises back to baseline after 2 to 3 months. 

NICE recommends the use of Omacor® within 3 months of an Ml when dietary intervention is insufficient to provide adequate levels of omega-3 fatty acid supplementation. 
Aldosterone antagonists 

Fa patients with symptoms and/a signs of HF, an aldosterone antagonist should be commenced. Eplerenone has been shewn to benefit this group of patients in the 
EPHESUS trial. 

Glucose control 

DIGAMI-1 shewed that following an acute Ml if the glucose is >11mmd/L then an insulin infusion followed by at least 3 months of insulin treatment improved mortality 
DIGAMI-2, however, did not confirm the results of DIGAMI and there was no evidence of benefit in total a caonary mortality or non-fafal CV events in this trial. 

Trials supporting current recommendations 

Statins 

4S (Scandinavian Simvastatin Survival Study Group) 1 

• Simvastatin vs. placebo in patients with angina pectoris or previous Ml and serum cholesterol 5.5-8 .Ommd/L. 

• Patients in the simvastatin arm had a 30% RRR in overall mortality, as well as 39% fewer non-fafal Mis, 41% fewer ischaemic heart disease deaths, and 34% fewer 
myocardial revascularization procedures. 

HPS (Heart Protection Study) 2 

• Simvastatin vs. placebo. Simvastatin significantly reduced total mortality by 12% in patients at high risk of CHD. In terms of all maja vascular events there was a 24% 
reduction in total CHD , total stroke, and revascularization. 

• There was a significant reduction in vascular events in all groups, irrespective of their starting chdesterd level. 

PROVE IT/TIMI 22 3 

• Compared pravastatin 40mg with atorvastatin 80mg in patients hospitalized fa an ACS. 

• Use of atorvastatin was associated with a reduction in composite of death, Ml, unstable angina requiring rehospitalization, revascularization, and stroke at 2 years. 



ACEIs 

EUROPA (European Trial on Reduction of Cardiac Events with Perindopril in Stable Coronary Artery Disease) 4 

• Among patients with stable caonary artery disease, treatment with perindopril was associated with a reduction in the 1° endpdnt of cardiovascular mortality, non-fafal Ml, 
and cardiac arrest compared with placebo. 

• Largest trial to show benefit in stable, low-risk caonary artery disease patients. 
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HOPE (The Heart Outcomes Prevention Evaluation Study) 5 

• Among patients at high risk for cardiovascular events but without LV dysfunction or HF, treatment with ramipril was associated with a reduction in cardiovascular death, 
Ml, a stroke, as well as each of the individual endpoints, compared with placebo. 

Antiplatelets 

Antiplatelet Trialist Group 6 

• Overview of 174 randomized trials of antiplatelet agents. 

• Among all high-risk patients, antiplatelet therapy was associated with reductions of 30% in non-fatal Ml and non-fatal stroke, and 15% in vascular death. 

• The use of aspirin for 1° prevention was associated with only a trend toward decreased vascular events. No benefit for 1° prevention in low-risk patients. 

CURE (The Clopidogrel in Unstable Angina to Prevent Recurrent Events) 7 

• Patients with ACS but no ST elevation. 

• Treatment with clopidogrel plus aspirin was associated with a reduction in the composite of cardiovascular death, Ml, and stroke compared with aspirin alone for up to 1 



p-blockers 

ISIS-1 (First International Study of Infarct Survival) 8 

• Atenolol 5-10mg IV over 5min, followed by lOOmg/day for 7 days. 

• Vascular mortality during the treatment period (days 0-7) was significantly lower in the treated group, but this 15% relative difference had wide 95% confidence limits (1- 
27%). 

• At 1 year, overall vascular mortality was significantly lower for the atenolol group. There was a lower rate of deaths attributed to myocardial rupture a electromechanical 
dissociation in the atenolol group. 

The COMMIT/CCS-2 (Clopidogrel and Metoprolol in Myocardial Infarction Trial/Second Chinese Cardiac Study) 9 

• Patients with a suspected Ml were treated with metoprolol within 24h. Initially 3 IV doses then oral. 

• Metoprolol did not reduce the composite of death, reinfarction, or cardiac arrest. In fact there was an increase in the risk of cardiogenic shock, although note that the 
metoprolol was at high dose. 

• The excess of cardiogenic shock was seen chiefly from days 0-1 after hospitalization, whereas there were reductions in reinferction and ventricular fibrillation appearing 
from day 2 onward. 

Aldosterone antagonists 

EPHESUS (Eplerenone Post-AMI Heart Failure Efficacy and Survival Study) 10 

• Patients with acute Ml complicated by HF and systolic LV dysfunction, eplerenone was associated with reduction in all-cause mortality and death or hospitalization from 
cardiovascular causes. 
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Antiplatelet therapy [link] 

Antiplatelet therapy in patients on warfarin [link] 

Renal impairment [link] 

Secondary prevention [link] 

Clinical trials [link] 

Antiplatelet therapy 

One of the most important measures following PCI and stenting is dual antiplatelet therapy. All patients should be prescribed aspirin 75mg and clopidogrel 75mg after loading 
prior to PCI. 

Evidence that after PCI, treatment with aspirin plus a thienopyridine (clopidogrel and ticlodipine are both thienopyridines) is better than aspirin alone or aspirin plus 
anticoagulation comes from MATTIS, CREDO, and other trials. 

If a patient had a NSTEMI prior to the intervention, the dual therapy should be continued for 1 year after the NSTEMI (CURE trial), followed by aspirin alone thereafter. 

If intervention is carried out in the absence of a recent NSTEMI then the duration of dual therapy depends on the type of stent used. For bare- metal stents (BMSs) the duration 
of dual therapy is 1 month and aspirin should be continued thereafter. If a drug-eluting stent (DES) is used then dual therapy should be used for 1 year and aspirin continued 
alone thereafter. 

The importance of dual therapy following coronary stent insertion cannot be over-emphasized. However, two scenarios when antiplatelet therapy causes consternation are: (1 ) a 
patient is bleeding and (2) an operation is to be performed and there are risks of perioperative bleeding. If a patient is bleeding then the source of the bleeding should be 
identified and treated. Only if the risk of life-threatening bleeding is greater than the risk from in-stent thrombosis should it be considered appropriate to stop antiplatelet agents. 
If a patient is due to have an elective operation then either this should be performed on dual antiplatelet therapy or the operation should be delayed until the time when dual 
therapy is no longer required. Planning prior to PCI includes deciding to use BMSs in patients at risk of bleeding or who are due to have an operation in the near future. 

Clopidogrel non-responders: data show that approximately 4-30% of patients treated with conventional doses of clopidogrel do not display an adequate platelet response. 
These patients may be at higher risk for thrombotic events. Platelet aggregation studies may be considered and the dose of clopidogrel increased to 150mg per day if <50% 
inhibition of platelet aggregation is demonstrated. However, platelet aggregation studies do not reliably correlate with in-stent thrombosis, and genetic studies are becoming 
more important to identify clopidogrel non-responders. 

GP llb/llla antagonists and heparin may be used pre- or intra-PCI to reduce thrombosis on instruments and vessel wall/plaque. 

Routine use of unfractionated heparin after an uncomplicated coronary angioplasty is no longer recommended, as it may be associated with more frequent bleeding events. 
Subcutaneous administration of Icw-molecular-weight heparin may provide a safer way of extending antithrombin therapy if there are clinical reasons, such as residual 
thrombus or significant residual coronary dissections. 

Antiplatelet therapy in patients on warfarin 

The use of dual antiplatelet therapy is more complicated in patients who also require warfarin for AF or mechanical heart valves. There is no general consensus as to the 
correct management of these patients. Risk versus benefit should be assessed on a patient-by-patient basis. 

In patients undergoing PCI, the effect of adding aspirin and clopidogrel to those receiving warfarin has not been well studied. This regimen will decrease the incidence of stent 
thrombosis and ischaemic stroke 2° to embolism but will also increase the risk of bleeding. Hew do we balance the risk of stroke if warfarin is stopped following PCI with the 
risk of major bleeding if warfarin is continued? There is no consensus. 

For each patient a risk assessment should be made weighing up the risk of thromboembolism versus the risk of bleeding. 

• Identifiable risk factors for thromboembolism include: age >65 years, hypertension, diabetes, impaired LV function, and previous ischaemic stroke. 
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• Identifiable risk factors for bleeding include: age >75 years, history of stroke, serum creatinine >1.5mg/dL, diabetes mellitus, recent Ml, history of Gl bleed, and 
haematocrit <30%. 

PCI and atrial fibrillation 

Management of patients at low to moderate risk of thromboembolism 

Because these patients are at low to moderate risk of thromboembolism it is relatively safe to hold off warfarin fa the period of antiplatelet therapy required. 

If the patient presented with an ACS or had a DES inserted then start dual antiplatelet therapy, which should be continued fa 12 months; warfarin can be continued alone 
thereafter. 

If the patient did not have an ACS and a BMS was used, then dual antiplatelet therapy should be continued fa 1 month and warfarin alone thereafter. 

If the patient is at a very low risk of bleeding, an alternative strategy would be to treat them with aspirin, clopidogrel, and warfarin (triple therapy) fa the time dual antiplatelet 
therapy is required and warfarin alone thereafter. The INR should be carefully monitaed during this time period. 

Patients at high risk of thromboembolism 

An example of a patient at high risk fa thromboembolism would be one who has had a previous stroke, who is hypertensive, and over the age of 75 years. These patients are 
at a high risk of thromboembolism if warfarin is stopped. It has been shown that treatment with dual antiplatelet therapy is not as good as warfarin at preventing stroke in AF. As 
such, it is likely that triple therapy will be required fa a period of time. 

It is particularly important in this group of patients to plan on using a BMS during PCI to reduce the duration of triple therapy. 

It must be stressed that there is no consensus on treatment in this group of patients and what follows is one suggested approach. 

If the patient presented with an ACS a if a DES is used then the patient should be on triple therapy fa 3-6 months then warfarin and clopidogrel up to month 12 and warfarin 
alone thereafter. The reason that aspirin is dropped rather than clopidogrel at months 3-6 is that registry data have shewn significantly moe stent thrombosis in patients on 
warfarin and aspirin compared to warfarin and clopidogrel. 

If a patient has not had an ACS and a BMS is used then they should receive triple therapy for 1 month and warfarin alone thereafter. 

If the patient is at a high risk for both thromboembolism and bleeding and presents with ACS or has a DES (there would need to be a very good reason for not using a BMS in 
these patients), it may be worth considering triple therapy fa 1 month only then warfarin and clopidogrel up to month 12 and warfarin alone thereafter. 

PCI and metallic heart valves 

Patients with prosthetic valves are prone to valve thrombosis and systemic embolization without adequate anticoagulation. The risk of thromboembolism a valve thrombosis 
with the bileaflet valves without anti- coagulation is 12% per year in the aortic position, and 22% per year in the mitral position. 

Patients with mechanical valves undergoing PCI need to be carefully evaluated priatothe procedure. 

Patients should be classified as low risk based on the absence of risk factors for bleeding, or high risk if patients are at increased risk of bleeding. 

Patients at low risk of bleeding 

These patients can be treated with warfarin, with the INR carefully regulated between 2 and 2.5, aspirin, and clopidogrel fa 4 weeks when a BMS has been used. If DESs are 
inserted, the patient would require 3-6 months depending on the type of stent used. While triple therapy does place these patients at a higher risk for bleeding (4-9% per 
year), the benefit of reducing thromboembolism and stent thrombosis clearly exceeds the risk of bleeding. 

Patients at high risk of bleeding 

These patients pose a particularly difficult problem. In this subgroup, the risk of bleeding with triple therapy may exceed 50%. Optimal stent deployment is critical. The use 
and safety of only using clopidogrel and warfarin in this subgroup has not been assessed in large trials. 

Renal impairment 

Contrast-induced nephropathy is clinically defined as an increase in serum creatinine >25% from baseline that occurs within 48h of PCI. 

Patients with pre-existing renal impairment, diabetes, and dehydration are at increased risk of developing contrast-induced nephropathy. 

To help prevent contrast-induced nephropathy ensure the patient is well hydrated; in patients taking metformin stop this drug before PCI and do not restart treatment until 48h 
after PCI or even longer if renal function deteriaates. Consider withholding ACEIs/ARBs and diuretics. The administration of NAC (N-acetyl cysteine) (600mg to 1 .2g bd PO) fa 
48h either side of PCI has been recommended. Practical note: This is not a licensed indication for NAC. 

Secondary prevention 

In addition to the earlier listed measures, all patients requiring caonary intervention, by definition, require intensive risk facta modification. Secondary prevention measures can 
be found in the cardiovascular disease prevention section of this book, (0 [link])- 

Clinical trials 

CREDO 1 

Clopidogrel for the Reduction of Events During Observation 

A randomized, double-blind, controlled trial of early and sustained dual aal antiplatelet therapy after PCI (666). In this trial of 2116 patients undergoing PCI from 99 North 
American centres, the patients received either a 300-mg loading dose of clopidogrel (n=1053) or placebo (no loading dose; n=1063) 3-24h before PCI. All patients thereafter 
received clopidogrel 75mg daily through to day 28. Fa the following 12 months, patients in the loading dose group received clopidogrel and those in the control group received 
placebo. All patents received aspirin (325mg per day through to day 28 and 81-325mg daily thereafter) throughout the study. At 1 year, long-term clopidogrel therapy was 
associated with a 27% RRR in the combined risk of death, Ml, or stroke fa an absolute reducton of 3% (P= 0.02). 
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MATTIS 2-4 

The Multicenter Aspirin and Ticlopidine Trial After Intracoronary Stenting 

Showed that among high-risk patients undergoing PCI combined asprin and ticlodipine was superior to aspirin alone and aspirin with anticoagulation at 30 days (reduce CV 
death, Ml or repeat revascularization). 

References 

1 Steinhubl SR et at. (2002). Clopidogrel for the reduction of events during observation (CREDO). JAMA 288:2411-20. 

2 Urban P et at. (1998). Randomized evaluation of anticoagulation versus antiplatelet therapy after coronary stent implantation in high-risk patients: the multicenter aspirin and 
ticlopidine trial after intracoronary stenting (MATTIS). Circulation 98:2126-32. 

3 Arab D et at. (2005). Antiplatelet therapy in anticoagulated patients requiring coronary intervention. J Invasive Cardiol 17:549-54. 

4 Lip GY (2008). Managing the anticoagulated patient with atrial fibrillation at high risk of stroke who needs coronary intervention. BMJ 337:a840. 




PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). (c) Oxford University Press, 2013. All Rights Reserved. Under the terms 
of the licence agreement, an individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for personal use (for details see 
Privacy Policy) . Subscriber: OUP- Oxford Online %28Sales%26 Publicity%29; date: 15 April 2014 



Systemic hypertension 



Oxford Medicine 




Drugs in Cardiology: A Comprehensive Guide to Cardiovascular Pharmacotherapy 

Edited by Juan Carlos Kaski, Carl Hayward, Saagar Mahida, Stuart Baker, Teck Khong, and Juan Tamargo 

Publisher: Oxford University Press Print Publication Date: Nov 2010 

Print ISBN-13: 9780199557462 Published online: Nov 2012 

DOI: 10. 1093/m ed/9780199557462. 001 .0001 



Systemic hypertension 

Chapter: Systemic hypertension 

DOI: 10.1093/med/9780 199557462.003. 0047 



Background [link] 

Definition and long-term complications [link] 

Causes [link] 

Clinical assessment [link] 

Classification of hypertension [link] 

General management principles [link] 

Treatment targets [link] 

Acute presentation of hypertension [link] 

Management of hypertension [link] 
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Background 

Prevalence estimates of systemic hypertension are 1 billion woridwide, contributing to 4.5% of global disease burden, 64 million DALYs (disability adjusted life-years), and 7.1 
million premature deaths. Analyses by the Worid Health Organization (WHO) indicate that about 62% of CVD and 49% of ischaemic heart disease are attributable to 
suboptimal BP levels (SBP >115mmHg). 1 The prevalence of systemic hypertension increases with age, 2 and is higher in patients of African or South Asian origin, as 
compared to Caucasians. 3 4 

Definition and long-term complications 

Systemic hypertension is defined as persistently elevated BP, i.e. systolic or diastolic pressures £140 and 90mmHg, respectively. Hypertension can be subdivided into 
degrees of severity, as shown in Table 3.1. 
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Table 3.1 Definitions and classification of blood pressure (BP) levels (mmHg)* 



Category Systolic 

Optimal <120 

Normal 120-129 

High normal 130-139 

Grade 1 hypertension 140-159 

Grade 2 hypertension 160-179 

Grade 3 hypertension >180 

Isolated systolic hypertension >140 



Diastolic 

<80 

80-84 

85-89 

90-99 

100-109 

<90 



Isolated systolic hypertension should be graded (1,2,3) according to systolic blood pressure values in the ranges indicated, provided that diastolic values are <90 mmHg. 
Grades 1, 2 and 3 correspond to classification in mild, moderate and severe hypertension, respectively. These terms have new been omitted to avoid confusion with 
quantification of total cardiovascular risk. 

* Reproduced with permission from Mancia G et al. (2007). 2007 Guidelines tor the management of arterial hypertension: The Task Force for the Management of Arterial 
Hypertension of the European Society of Hypertension (ESH) and of the European Society of Cardiology (ESC). Eur Heart J 28:1462-536. 

Importantly, systemic BP represents a continuum of risk, whereby cardiovascular mortality rates increase with increased BP levels, without a threshold down to at least 
1 15/75mmHg (Fig. 3.1). 2 




Fig. 3.1 

Stroke mortality rate in each decade of age versus usual blood pressure at the start of that decade. Cl, confidence interval. Reproduced from Lewington et al. (2002). Age- 
specific relevance of usual blood pressure to vascular mortality: a meta-analysis of individual data for one million adults in 61 prospective studies. Lancet 360:1903-13, with 
permission from Elsevier. 



Based on lifetime risk and risk of cardiovascular complications associated with BP levels, the JNC 7 report has proposed a new classification of hypertension that includes the 
term ‘prehypertension’, i.e. BP ranging from 120-139/80-89mmHg. 5 

In the long term, hypertension is a risk factor for: 

•CVAs 

• ischaemic heart disease 

• LV hypertrophy 

• cardiac failure 

• peripheral vascular disease 

• chronic hypertensive renal disease 

• vascular complications of diabetes 

• hypertensive retinopathy. 

References 

1 World Health Organization (2002). The World Health Report 2002: Risks to Health. Geneva: World Health Organization. 

2 Lewington S et at:, Prospective Studies Collaboration (2002). Age-specific relevance of usual blood pressure to vascular mortality: a meta-analysis of individual data for one 
million adults in 61 prospective studies. Lancet 360:1903-13. 

3 Cappuccio FP et al. (2002). Application of Framingham risk estimates to ethnic minorities in United Kingdom and implications fa primary prevention of heart disease in 
general practice: cross sectional population based study. BMJ 325:1271. 

4 Brown MJ (2006). Hypertension and ethnic group. BMJ 332:833-6. 

5 Chobanian AV et al.; Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. National Heart, Lung, and Blood Institute; National 
High Blood Pressure Education Program Coadinating Committee (2003). Seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of 

PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). (c) Oxford University Press, 2013. All Rights Reserved. Under the terms 
of the licence agreement, an individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for personal use (for details see 
Privacy Policy) . Subscriber: OUP- Oxford Online %28Sales%26 Publicity%29; date: 15 April 2014 



Systemic hypertension 

High Blood Pressure. Hypertension 42:1206-52. 

Causes 

Hypertension is predominantly an idiopathic and mulfitactcrial disease (in approximately 95% of cases), related to a combination of genetic and environmental factors. 

Important social aetiological factors that contribute to the development of hypertension include increased dietary salt intake, obesity, excessive alcohol consumption, and age. 

Secondary causes of hypertension 

Renal disease 

• Parenchymal disease 

• Renovascular disease: e.g. atherosclerotic renal artery stenosis, fibromuscular dysplasia 

• Channelopathies (rare): e.g. Liddle’s syndrome 

Endocrine disease 

• Adrenal: 

• mineralocorticoid excess, e.g. Conn’s syndrome — adrenal adenoma, bilateral/congenital adrenal hyperplasia, ectopic adrenocorticotrophic hormone (ACTH), 
exogenous mineralocorticoid, renin-secreting tumours, glucocorticoid-remediable aldosteronism 

• corticosteroid excess: e.g. Cushing’s disease, exogenous corticosteroids, apparent mineralocorticoid excess, and liquorice ingestion — see later 

• phaeochromocytoma 

• Non-adrenal: acromegaly, hypo- and hyperparathyroidism, hyperthyroidism, carcinoid syndrome 

• e.g. NSAIDs, oestrogen-containing contraceptives, corticosteroids, ciclosporin, monoamine oxidase inhibitors, ergotamine, symphathomimetics, amphethamines, cocaine 
Aortic coarctation 

Obstructive sleep apnoea 

Pregnancy-induced hypertension, pre-eclampsia and eclampsia 
Monogenic disease (rare), for example : 

• Liddle's syndrome: autosomal dominant, gain-of-function mutation of ENaC (epithelial sodium channel) expressed in the apical surface of collecting duct cell within the 
kidney, resulting in excess sodium retention 

• glucocorticoid-remediable aldosteronism: autosomal dominant, gain-of-function mutation with crossing over and fusing of the 5’ regulatory region of 1 1-hydroxylase and the 
coding region of aldosterone synthase (usually these two genes are close together on chromosome 8). This hybrid gene encodes an aldosterone synthase that is ACTH 
sensitive. Treatment is by suppressing ACTH with exogenous glucocorticoids 

• apparent mineralocorticoid excess: autosomal recessive, inactivating mutation of 1 1 P-hydroxysteroid dehydrogenase type 2 (which metabolizes cortisol to cortisone in 
renal tissue, therefore normally ‘protects’ mineralocorticoid receptors from cortisol stimulation). This is a similar mechanism to the effects of liquorice, which inhibits 11 [3- 
hydroxysteroid dehydrogenase type 2 

• congenital adrenal hyperplasia: autosomal recessive, 1 1 p-hydroxylase or 17a-hydroxylase deficiency, resulting in shunting of production towards the mineralocorticoid 
pathway, and hence mineralocorticoid excess 

• Gordon's syndrome: autosomal dominant, gain-of-function mutation of WNK1 or 4, inactivating the negative regulators of the sodium-chloride symporter (NCCT), resulting in 
excess sodium retention 

• single gene mutations and phaeochromocytomas: e.g. MEN II syndrome, von Hippel-Lindau disease, neurofibromatosis type I. 

Practical note 

A sizeable proportion of patients with untreated borderline hypertensive measurements in clinic may have 'white-coat' hypertension. This is defined as the presence of 
elevated office/clinic BP values and normal out-of- oflice/clinic BP values. The prognostic impact of ‘white-coat’ hypertension is currently unclear but may carry an intermediate 
risk. 

Clinical assessment 

Following the diagnosis of hypertension, aims of clinical assessment include: 

• identification of lifestyle factors, other cardiovascular risk factors, and concomitant disorders that may affect prognosis and guide treatment 

• identification of potential causes of hypertension 

• identification of the presence of organ damage. 

History 

• Contributory lifestyle factors (dietary salt intake, obesity, alcohol consumption, sedentary lifestyle and smoking) 

• Suggestion of 2° hypertension (young age, sudden onset, presentation as malignant hypertension, resistant hypertension — requiring >3 drugs) 

• Family history of hypertension and other cardiovascular risk factors 

• Previous antihypertensive treatment (duration, efficacy, and adverse reactions) and concomitant drugs (e.g. corticosteroids, oral contraceptives) 

Examination 
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• Appropriate measurement of BP, and verification in contralateral arm 

• Calculation of BMI and waist circumference 

• Potential evidence of hypertensive complications (carotid, abdominal, and femoral bruits, peripheral pulses in peripheral vascular disease, optic fundi in hypertensive 
retinopathy) 

• Examination of the heart may reveal evidence of complications of hypertension 

• Assessment of peripheral oedema and fluid status 

• Examination of the abdomen for enlarged kidneys, renal bruits, distended urinary bladder, and abnormal aortic pulsation 

Investigations 

• Assess potential underlying 2° causes, i.e. renal a endocrine disease, initially with serum electrolytes, urea, and creatinine. 

• Detect target organ damage, assessed by fundoscopy (hypertensive changes), electrocardiographic and echocardiographic studies (LV hypertrophy and strain), renal 
function tests, and urine dipstick (proteinuria). Assessment of blood vessels by ultrasound of carotid arteries (limited by availability) and ankle-brachial index is also 
recommended. 

• Assess other cardiovascular risk factors (e.g. toTC:HDL ratio, diabetes etc.) that may require aggressive management. 

• Ambulatory BP monitoring may be useful in the presence of unusual BP variability and when 'white-coat' hypertension is suspected. Other indications include the 
assessment of antihypertensive treatment (efficacy during the 24h, drug-resistant or nocturnal hypertension, occurrence of drug-induced symptomatic hypotension), 
episodic hypertension, and autonomic dysfunction. 

Classification of hypertension 

There is potentially a large normal variation in BP measurements within individuals (see Q] Table 3.1, [link]). 

Practical note: the definition of hypertension requires the documentation of persistently elevated BP, i.e. high levels in repeated readings, as opposed to a single reading. 

General management principles 

Practical note on general management principles: according to current guidelines, not all individuals who meet the definition of hypertension will require pharmacological 
antihypertensive therapy. 

We identified two useful guidelines for pharmacological intervention (see Figs. 3.2 and 3 . 3 ). 




ESH-ESC Guidelines tor the management of arterial hypertension. Reproduced with permission from 2007 ESH-ESC Practice Guidelines tor the management of arterial 
hypertension. Mancia G et al. (2007). Blood Press 16:135-232. 

MS, metabolic syndrome; OD, subclinical organ damage. 

Risk factors include pulse pressure (in elderly), age (male >55 years, female >65 years), smoking, dyslipidaemia (TC >5.0mmd/L or LDL-C >3.0mmol/L or HDL-C <1.0 in 
male, <1.2 in females or TG >1.7mmol/L), fasting plasma glucose 5.6-6.9mmol/L, abnormal glucose tolerance, abdominal obesity (waist circumference male >102cm, female 
>88cm) and family history of premature CV disease (male <55 years, female <65 years). 

Subclinical organ damage includes electrocardiographic or echocardiographic LVH, carotid wall thickening or plaque, carotid-femoral pulse velocity >12m/s, ankle-brachial 
pressure index <0.9, slight increases in plasma creatinine (male 1 15-133pmol/L, female 107-124pmol/L), low estimated glomerular filtration rate (eGFR) or creatinine 
clearance (<60ml/min/1.73m 2 ), and microalbuminuria or elevated albumin-creatinine ratio (male >22mg/g, female >31mg/g). 
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Flowchart far management of hypertension. Adapted from NICE (CG34) Guidelines Care pathway for hypertension, 2006. © Crown Copyright. Reproduced under the terms of 
the Click-Use Licence. 

* Threshold for offering drug treatment: 

BP of more than 160/100mmHg, or 

isolated systolic hypertension (SBP of£160mmHg), or 

BP of more than 140/90mmHg and: 

1 0-year CVD risk of at least 20%, or 
existing CVD or target organ damage 

Certain guidelines require full cardiovascular risk assessment of the individual based on age, gender, smoking status, SBP, and TC:HDL cholesterol ratio (see G9 Fig- 2a.i, 
[link]). A discussion on the limitations of these risk-prediction charts is beyond the scope of this chapter. 

These guidelines are useful but each patient should be evaluated specific-ally and management tailored to the specific clinical picture. However, it is important to stress 
that every hypertensive individual always merits careful investigation and requires lifestyle and dietary advice. 

Main therapeutic options include: 

• treatment and prevention of organ damage and other complications 

• management of potential causes of 2° hypertension 

• management of CV risk factors. 

Treatment targets 

Optimum BP targets depend on the global clinical situation of the individual. The recommended BP target for patients with no cardiovascular complications or comorbidities is 
<140/90mmHg and <130/80mmHg for patients with diabetes and high-risk patients, such as those with a history of stroke, Ml, renal dysfunction, and proteinuria. Latest NICE 
guidelines for chronic kidney disease recommend a target of <125/7 5mmHg for patients with chronic kidney disease and proteinuria. 

Acute presentation of hypertension 

Systemic hypertension is largely asymptomatic. However, it can — albeit rarely — present acutely as hypertensive crises. 

Malignant hypertension 

Defined as severely elevated BP (systolic >220mmHg and diastolic >120mmHg), associated with target organ damage — visual disturbance, hypertensive retinopathy, and 
papilloedema; breathlessness and cardiac failure; headaches and hypertensive encephalopathy; renal failure and proteinuria. This is a medical emergency that requires 
immediate intervention and a gradual reduction of BP over hours (see [Xj Management of hypertension, [link]). 

Accelerated hypertension 

Severely elevated BP that is associated with target organ damage (as for malignant hypertension), but without papilloedema on fundoscopic examination (flame-shaped 
haemorrhages or soft exudates often present). Management is the same and as important as for malignant hypertension. 

Severe hypertension 

Severely elevated BP (as for malignant hypertension), but without evidence of target organ damage. 

Management of hypertension 

(See letters in parentheses for the current level of evidence for each treatment and Fig. 3.4 for management algorithm.) 
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Fig. 3.4 

NICE/British Hypertension Society (BHS) guidelines for management of hypertension. 2 A, ACEI (consider angiotensin-ll receptor antagonist if ACE intolerant); C, calcium- 
channel blocker; D, thiazide-type diuretic. 

Non-pharmacological measures 

file British Hypertension Society guidelines recommend general lifestyle measures for all patients with hypertension and for those with borderline or high-normal BP. 

• Reduce dietary salt intake to less than lOOmmol/day (<2.4g of sodium or <6g of sodium chloride) (A). 

• Weight reduction to maintain ideal BMI of 20-25kg/m 2 (A). 

• Regular aerobic exercise such as brisk walking for at least 30min each day. 

• Reduce consumption of saturated and total fat in meals and increase intake of fruit and vegetables (A). 

• Moderate alcohol consumption (men <21 units per week and women <14 units per week) (A). 

Pharmacological therapy 

Reducing BP is mere important than the specific group of drugs used far the purpose. Each drug will lower the BP by about 7-8% but each drug has a wide interpatient 
response variability. Several classes of drugs are used for treatment of hypertension and a sizeable proportion of patients will require two or more drugs to control their BP. Age 
and ethnic groups are important factors in the response to pharmacological therapy — black patients respond better to thiazide diuretics and CCBs, whereas non-black patients 
respond better to ACEIs or p-blockers. 1 

Rationale fa ‘A/CD’ rule: 

• in younger white patients, hypertension is associated with high plasma renin activity. Therefore blocking the RAAS would be a logical start to hypertension management 

• CCBs and thiazide diuretic wak independently of the RAAS system. Therefore they are logical starting point in patients with lew renin activity, i.e. older patents and black 
patents of African or Caribbean descent, not mixed-race, Asian, or Chinese individuals. 

p-blockers are not the preferred drug in hypertension management, except fa: 

• those with intolerance or contraindioaf ons to ACEIs a ARBs 

• women of child-bearing potential 

• patents with increased sympathetc drive. 

Compelling indications, cautions, and contraindications to various classes of antihypertensive drugs (Table 3.2) 
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Table 3.2 Compelling indications, cautions, and contraindications to various classes of antihypetensive drugs. Adapted from BHS and European School of Haematology 
(ESH) guidelines 2 ' 3 



Class of drug 



Compelling indications 



Possible indications Caution 



Compelling contra- 
indications 



a-blockers 

ACEIs 



ARBs 



P-b lockers 



CCBs (dihydro-pyridine) 



CCBs (rate-limiting) 



Benign prostatic Postural hypotension HF Urinary incontinence 

hyperplasia(BPH) 



HF 

LV dysfunction 

LVH 

Post Ml 

Established CHD 

Type I diabetic nephropathy 

2° stroke prevention 



Chronic renal disease Renal impairment 

Type II diabetic PVD 

nephropathy 

Proteinuric renal disease 

AF 

Metabolic syndrome 



ACEI intolerance 

Type II diabetic nephropathy 

LVH 

Post-MI 



LV dysfunc-fion post Ml Renal impairment 

Proteinuric renal disease PVD 

Chronic renal disease 
HF 



Pregnancy 

Renovascular disease 



Pregnancy 

Renovascular disease 



(Acute) HF 
PVD 

Diabetes (except with 
CHD) 

Metabolic syndrome 
COPD 

Physically active 



Tachyar-rhythmia 



Thiazide and thiazide-like Elderly 

diuretics ISH 

HF 

2° stroke prevention 



Metabolic syndrome Gout 

Glucose intolerance 



ISH, isolated systolic hypertension 
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Management of hypertension in specific clinical circumstances 

Hypertension in chronic kidney disease 

• The target treated BP (<130/80mmHg) is Icwer than that of the non-kidney disease group (B). In patients with chronic kidney disease associated with heavy proteinuria, 
the target is 125/7 5mmHg (C). 

• Patients with diabetic kidney disease, with or without hypertension, should be managed with an ACEI or ARB. ACEIs are more effective than other antihypertensive agents 
in slowing the progression of chronic kidney disease with macroalbuminuria due to type I diabetes. Both ACEIs and ARBs are more effective than other antihypertensive 
agents in slewing the progression of microalbuminuria due to type I and II diabetes (A). 

• Higher levels of BP are associated with a more rapid progression of diabetic kidney disease. 

• ACEIs and ARBs are often the antihypertensive agent of choice, but should be used with caution, close supervision, and specialist advice if there is established and 
significant renal impairment. 

• Multiple agents are often required to achieve target BPs. 

• Diuretics are often 2 nd -line agents, and should be included in the antihypertensive regimen of most patients (A). This is followed by either p-blockers or CCBs, depending 
on clinical situation. 

• There is insufficient evidence to indicate a preferential class of antihvpertensive agent tor renal artery stenoses, but ACEIs and ARBs should only be used with 
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extreme caution in renal artery stenosis, due to an increased risk of hypotension, sudden decrease in GFR, and hyperkalaemia (C). 

Hypertension in pregnancy 

• Antihypertensive treatment is demonstrated to reduce the risk of progression to severe hypertension, but with an associated increased risk of adverse drug reactions (A). 

• There is not enough evidence to show benefit of antihypertensive drugs in mild to moderate hypertension in pregnancy with regard to other maternal and fetal/neonatal 
events (A). 

• Methyldopa is recommended as the Inline agent, whereas 2 nd -line agents are often longer-acting CCBs (C). 

• In a meta-analysis, it has been demonstrated that p-blockers (labetalol in particular) are better than methyldopa at reducing the risk of progression to severe hypertension 
(A). However, this is balanced with the increased risk of inhibited fetal growth (B). 

• ACEIs and ARBs are contraindicated in pregnancy (B). 

Accelerated/malignant hypertension 

• It is common practice to lower BP by no more than 25% in the first 2h (due to the potential for precipitating Ml or CVAs), aiming to achieve a BP of 160/1 OOmmHg 
after 6h of therapy (C). 

• A meta-analysis was unable to demonstrate any difference in risks of cardiac or respiratory events comparing treatments and control arms. Additionally, no differences in 
outcomes between the different pharmacological therapies were noted. These findings are limited by a small number of studies with lew number of participants as well as 
short-term fdlow-up (B). 

• When there is acute, life-threatening organ damage, IV agents are used in a high-dependency setting. Sodium nitroprusside is the 1 st -line drug of choice. 

Other agents to be considered, particularly in specific scenarios, include: glyceryl trinitrate in the presence of LV failure or symptomatic coronary artery disease; labetalol in 
the presence of aortic dissection; hydralazine (arteriolar dilator) in pregnancy; and phentdamine (short-acting a-blocker) in the presence of, a suspected, 
phaeochromocytoma (C). 

• In the absence of life-threatening organ damage, oral agents are preferred. Inline drug is nifedipine (MR), starting at lOmg, repeated after 2h if required, and up to20mg 
three times a day. 2 nd -line therapy invdves addition of a P-blccker (e.g. atendd 50mg). ACEIs and diuretics are used with caution due to the potential rapid fall in BP, 
especially if there is vdume depletion (C). 
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Atrial fibrillation [link] 

New (acute)-onset atrial fibrillation [link] 

Paroxysmal atrial fibrillation [link] 

Persistent atrial fibrillation [link] 

Permanent atrial fibrillation [link] 

Secondary atrial fibrillation [link] 

Drugs used in electrical and chemical cardioversion [link] 

Antithrombotic treatment [link] 

Atrial flutter [link] 

Supraventricular (narrow complex) tachycardias [link] 

Landmark trials for atrial arrhythmias [link] 

Ventricular arrhythmias [link] 

Acute management of ventricular arrhythmias [link] 

Management of ventricular arrhythmias in the chronic setting [link] 

Landmark trials for ventricular arrhythmias [link] 

Bradycardia [link] 

Management of bradycardias [link] 

Management of bradycardias in the chronic setting [link] 

Neurocardiogenic syncope [link] 

Management of neurocardiogenic syncope [link] 

Atrial fibrillation 

Background 

Atrial fibrillation (AF) is the commonest cardiac arrhythmia, with an increasing incidence with age. "The numerous patterns and changing aetidogical factors in AF have led to 
an evolution in its clinical classification. Today the most widely accepted and practically useful classification system breaks AF into the tbllcwing categories: first episode or 
new AF; paroxysmal; persistent; and permanent AF. Although catheter ablative therapies are increasingly being employed in cases where patients are highly symptomatic 
and refractory to pharmacotherapy, drug therapy remains the mainstay of treatment for the majority of patients with AF. 

Electrophysiological basis of AF 

There are several electrophysiological mechanisms underlying AF. In many patients AF is due to a local discharge of rapid frequency (350-600bpm) and fibrillatory, 
heterogeneous conduction throughout the atria owing to the frequency of impulses generated by this focus. This activity can be recorded as f waves within the atria. The f waves 
conduct in an irregularly irregular fashion through the atrioventricular (AV) node, and the ventricular rate is thus determined by the conductivity and refractory period of the AV 
node. The phenomenon of ‘concealed conduction’ occurs, whereby some impulses arrive at the AV node during the refractory period and may render the AV node refractory for 
an extended period without generating a conducted ventricular beat. This further contributes to the irregularity of the ventricular rhythm. \ ^ 

Considerations for drug therapy 

In the broadest sense, the most important decisions for pharmacotherapy in AF are firstly whether a rhythm or rate control strategy is preferred and which agent/agents are the 
most appropriate, and secondly whether anticoagulation is warranted lor the prevention of thromboembolic complications. The merits of a rhythm or rate control strategy are 
discussed in turn tor each of the subclassifications described here. Antithrombotic management is dealt with separately. 

New (acute)-onset atrial fibrillation 

The symptomatology of first presentation of AF is varied and ranges from those who are symptom free (often these patients are discovered incidentally), to those in extremis 
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with pulmonary oedema and cardiogenic shock. Management is largely dependent on symptoms and the clinician must decide whether acute treatment is necessary. 

Absent or mild symptoms 

These patients generally require no acute drug therapy if resting ventricular rate is controlled (generally regarded as <90bpm). An assessment of ambulatory heart rate 
response and thromboembolic risk should be made and the decision to treat and anticoagulate made (Cl [link]). 

Intolerable symptoms or haemodynamic instability 

If the patient has a ventricular rate of >150bpm, signs of circulatory collapse (hypotension or pulmonary oedema), chest pain, dyspnoea, or intolerable palpitations, they should 
be treated as an acute medical emergency (see Fig. 4.1). It is important to consider 2° causes of AF such as thyrotoxicosis, pulmonary embdism, and sepsis, as AF tends to 
respond pooriy until the underiying cause is treated (see [link]). 




Treatment algorithm for newly diagnosed or acute onset of AF. 

Notes: 



(1) Important to consider effect of exercise on ventricular rate response which should be 90-115bpm with moderate activity. 

(2) If the patient is asymptomatic, i.e. the AF has been discovered incidentally, further investigations may be considered prior to pharmacotherapy to establish the pattern of 
AF (paroxysmal, persistent, permanent) but anticoagulation should be strongly considered in those with significant risk (see ( Cj [link]). 

(3) Only if structural heart disease is present, otherwise start with class Ic agent. Risk of skin necrosis from extravasation of amiodarone. Longer courses of IV amiodarone 
should be administered via central venous line. 

NDCCB, non-dihydropyridine calcium-channel blocker. 



Patients should undergo direct current cardioversion (DCCV) in the presence of life-threatening signs. Whilst evidence supports there being little increased thromboembolic risk 
with DCCV performed within 48h of acute onset of AF, in practice there is often no clear history of symptom onset and indeed patients may be asymptomatic in AF. 

Key points 

• Digaxin has traditionally been used as Inline treatment but is generally inappropriate due to its long duration of onset. It is likely to be most effective in vagally mediated 
AF. 

• IV amiodarone (5mg/kg or 300mg in 50mL 5% glucose over 5-10min administered via a peripheral line) is usually the treatment of choice in the emergency setting in the 
UK. It acts to rapidly reduce ventricular rate and is effective in restoring sinus rhythm. If the initial bolus is unsuccessful, a further 900mg in 500mL is administered over the 
remainder of the 24h. 

• Consider Wolff-Parkinson-White (WPW) syndrome in those presenting with very high ventricular rates (often >200bpm) and a broad QRS complex. In known WPW 
with AF, flecainide is a useful alternative to amiodarone for cardioversion. 

• The recent ATHENA study, in which the antiarrhythmic dronedarone was added to standard therapy, has shown a significant reduction in cardiovascular hospitalizations, 
death, and stroke, and may become more widely used in the future although it is not yet licensed in the UK 

AV node-blocking agents (non-dihydropyridine CHBs, adenosine, and digaxin) should not be used in AF with WPW as AV nodal blockade leads to increased ventricular rates 
via uninhibited antegrade accessory pathway conduction. 

Paroxysmal atrial fibrillation 

AF is said to be paroxysmal when episodes last for <1 week and generally self-terminate. The frequency of episodes and symptomatology are widely variable. Hdter 
monitoring may be necessary to ascertain the pattern of episodes. 

Pharmacotherapy in paroxysmal AF 

Pharmacotherapy aims to achieve the following: 

• suppression of AF paroxysms and maintenance of sinus rhythm 

• control of ventricular rate 

• prevention of complications such as tachycardia-related cardiomyopathy or thromboembolism. 

Treatment strategies (Fig. 4.2) 

Treatment should always be discussed with the patient and tailored to individual needs. In an acute highly symptomatic or haemodynamically unstable paroxysm, hospital 
treatment should always be sought and treatment instigated as perm [link]. 
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Treatment algorithm for paroxysmal AF. 



Infrequent paroxysms (less than 1 week) 

Simple avoidance of precipitants such as caffeine and alcohol may be enough for some, or a pill-in-the-pocket strategy with a class Ic agent (flecainide 300mg or propafenone 
600mg) may be preferred by those comfortable with taking the responsibility. This should only be considered in patients with a low risk of proarrhythmia, i.e. absence of 
structural/ischaemic heart disease, and in those in whom the chosen agent is known to be efficacious. A pill-in-the-pocket strategy can also be used as an add-in for those on 
low-dose maintenance therapy. 

Frequent symptomatic paroxysms 

• In the absence of contraindications, a standard [3-blocker (e.g. atenolol, bisoprolol) should be used in the first instance. Alternatively, verapamil can be used for rate 

• If control is not achieved, a Ic agent (Table 4.1 ) should be used in the absence of structural or ischaemic heart disease. Co-prescription with an AV nodal blocking drug 
such as a p-blocker is advised due to the risk of class Ic-induced atrial flutter and 1 :1 AV conduction (see Q [link], Atrial flutter). 

• If a Ic agent cannot be used or is unsuccessful, sotalol should be used, progressively increasing from 80mg bd to 240mg bd. Watch for QT prolongation as there may be 
a high proarrhythmic risk. Special care is required in the elderiy. 

• If the patient remains uncontrolled symptomatically, or in the case of poor LV function where p-blockers have failed, amiodarone should then be tried and consideration 
given to electrophysiological intervention. Consider the latter in young, highly symptomatic patients with paroxysmal AF. 



Table 4.1 Vaughan Williams classification of antiarrhythmic drugs* 

Class Mechanism 

la Sodium-channel blockers: moderate reduction in phase 0 slope; increase APD; increase ERP 

lb Sodium-channel blockers: small reduction in phase 0 slope; reduce APD; decrease ERP 

Ic Sodium-channel blockers: pronounced reduction in phase 0 slope; no effect on APD or ERP 

II p-blockers: blocks sympathetic activity, virtually no proarrhythmic effect 

III Potassium-channel blockers: delay repolarization, prolong APD and ERP; proarrhythmic risk for acquired long 
QT syndrome 

IV Calcium-channel blockers: act on SA and AV node; virtually no proarrhythmic effect 
Miscellaneous 



Examples 

Quinidine, procainamide, 
disopyramide 

Lidocaine, mexiletine 

Flecainide, propafenone 

Atenolol, bisoprolol, metoprdd 

Sotald, amiodarone, dronedarone 

Diltiazem, verapamil 

Digoxin, magnesium sulphate, 
adenosine 



APD, action potential duration; ERP, effective refractory period. 

*ln practice this classification system is not very helpful as many drugs fit multiple categories. 



Persistent atrial fibrillation 

AF is termed persistent when episodes last beyond 1 week. It commonly progresses from paroxysmal AF. As with new or paroxysmal AF, treatment should be tailored to the 
individual and the advantages and disadvantages of a rate or rhythm contrd strategy discussed with the patient. The major determinant of treatment strategy is usually the 
burden of symptoms. It is important to bear in mind the fdlcwing evidence-based considerations. 

Key points 
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• Overall there is no significant difference in mortality between rate- and rhythm-control strategies. 

• There is no significant difference in quality of life between rate and rhythm control. 

• There is no difference in likelihood between strategies of suffering Ml or developing congestive cardiac failure, and the 5-year cumulative risk of thromboembolic and 
haemorrhagic events is similar. 

• In patients older than 65 years and in those with coronary disease or HF (congestive HF or ejection fraction <50%), a rhythm-canM strategy may confer a mortality 
advantage. In milder HF (up to NY HA II) there is little difference in mortality outcome between rate and rhythm control. 

• A rhythm-control strategy is associated with a greater incidence of hospital admission than rate control. 

• Owing to costs associated with DCCV, a greater number of hospital admissions, and generally more expensive medication, the rhythm-control strategy is more costly 
than rate control. 

• Appropriate antithrombotic therapy should be offered based on risk, regardless of the treatment strategy (see 09 [link]). 

Rhythm-control agents 



As with treatment of acute onset and prophylaxis in paroxysmal AF, agents from classes Ic, II, and III are preferred for maintaining sinus rhythm in this group of patients. 
Verapamil may also be used (Table 4.1) 1 st line in the absence of structural heart disease. 

Pharmacological cardioversion refers to the use of an IV agent and may be chosen if the patient wishes to be admitted to hospital and does not wish to undergo electrical 
cardioversion. (See Fig. 4.3 for recommendations.) 




Fig. 4.3 

Rhythm control algorithm for persistent AF (or unknown duration). 

Notes: 

Assess thromboembolic risk and anticoagulate as appropriate in the same way as fa other patterns of AF. 

*Sotald is valuable if fi-blocker is not effective but not valuable if p-blocker is contraindicated. 

In a less severe acute presentation, a if the patient does not wish to be admitted to hospital, aal treatment should be prescribed with escalation from a standard p-blocker (e.g. 
metoprold or atendd) to sotald (uptitrated from 80mg bd to 240mg bd) a a class Ic agent, in the absence of structural heart disease. Co-prescription with an AV nodal 
blocking drug such as a p-blocker is advised due to the risk of class Ic-induced atrial flutter and 1 :1 AV conduction (see QJ Atrial flutter, [link]). 

If sotald or Ic agents are contraindicated or ineffective, then amiodarone should be administered if tderated. 

See Q9 Permanent atrial fibrillation fa rate contrd strategies, [link]. 

Permanent atrial fibrillation 

By definition there is no rde for rhythm contrd in this group of patients and as such, the issues in pharmacdherapy are whether to anticoagulate and which ventricular rate 
contrdling agent (if any) is needed. This is important to reduce the risk of symptoms from tachycardia and associated tachycardia-related cardiomyopathy. 

A resting heart rate <90bpm and exercise heart rate <180bpm are desirable and failure to achieve these targets requires further adjustment of medication. The level of patient 
activity needs to be considered in selecting which agent(s) to use. 

Choice of rate controlling agent(s) 

Key points 

• Overall there is no difference in efficacy in ventricular rate contrd at rest between p-blockers, non-dihydropyridine CCBs (NDCCBs) (diltiazem a verapamil) and digoxin. 

• In practice, diltiazem is used rather than verapamil, owing to a greater negative inotropy with verapamil and its potential tor pronounced AV block and bradycardia in 
combination with digoxin. 

• Both P-blockers and NDCCBs are mae effective than digoxin at contrdling ventricular rates during exercise. Digoxin as monotherapy is therefore only appropriate in those 
who are sedentary, such as the elderly. 

• In the critically ill who may have excess sympathetic tone, digoxin is considered less effective than p-blockers a NDCCBs. 

• If mondherapy with p-blockers a NDCCBs fails to contrd ventricular rate, there is proven additional benefit from adding digoxin to either a P-blocker (benefit shown only at 
rest) or CCB (benefit both at rest and during exercise). On this basis it may be mae appropriate to instigate mae active people on a NDCCB tor monotherapy should they 
require the addition of digoxin at some stage. 

See Fig. 4.4 fa rate contrd algorithm. 
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Rate control treatment algorithm for permanent (and some cases of persistent) AF. 

Reproduced from National Collaborating Centre for Chronic Conditions (2006). Atrial fibrillation: National guidelines for management in primary and secondary care. London: 
Royal College of Physicians. Copyright © 2006 Royal College of Physicians of London. 



Secondary atrial fibrillation 

AF may arise secondarily to structural heart disease, surgery, coronary disease, heart failure (see Chapter 1), hypertension (see Chapter 3), metabolic disturbances, and 
toxicity from drugs including alcohol. It is essential to treat the underlying condition, which may in itself terminate the AF prior to any specific AF-directed therapy, unless the 
patient is haemodynamically compromised. Where not mentioned here, these are discussed in the relevant chapters. 

Conditions associated with AF 

Myocardial infarction 

In the setting of acute Ml, AF is usually transient. It is more likely in the setting ofLVF, pericarditis, atrial ischaemic damage, and right ventricular infarction. In STEMI, AF 
carries increased risk of stroke and higher mortality, and anticoagulation is advised. P-blockers, with well-established benefit post-MI, are important to inhibit the excess 
sympathetic tone that often predisposes to arrhythmias. 

Thyrotoxicosis 

Thyroxine potentiates the effect of the adrenergic system on the heart. One study has demonstrated a 5-fold increased incidence of AF in both overt and subclinical 
hyperthyroidism (low thyroid-stimulating hormone (TSH) with normal triiodothyronine (T3)/thyroxine (T4)). The Inline treatment is to establish a euthyroid state using antithyroid 
drugs (carbimazde, propylthiouracil or radioiodine), p-blockade with either a Pi-selective (bisoprdol) or non-selective fS-blocker (atendd, proprandd) has been shown to be 
beneficial in reducing ventricular rate and HF. 

Alcohol excess 

The Framingham study demonstrated that a high level d alcohd consumption (>36g per day) is associated with a greater risk of developing AF and the 'hdiday hearf 
syndrome refers to AF triggered by acute alcohd excess. Alcohd is aetidogically important in as many as 63% of cases of new AF in the <65 years age group. FJarely is any 
treatment, in addition to abstinence, necessary. 

Mitral stenosis 

Termed rheumatic or valvular AF, this was a common cause of AF and remains so in the developing world. The pathdogical mechanism is elevated left atrial pressure with 
associated atrial dilation. Exercise capacity may be increased with A V nodal blocking drugs (P-blockers or NDCCBs). Acute treatment invdves anticoagulating with IV heparin 
fdlowed by warfarin. IV digoxin and a p-blocker or negatively chronotropic CCB are preferred to contrd the ventricular response. The decision on whether to attempt 
cardioversion is determined by the clinical pattern of AF. 

Sepsis 



Excess sympathetic tone in the systemic inflammatory response lowers the threshdd tor arrhythmias. 

Other causes 

• Pulmonary embdism. Consider in all cases of new onset AF 

• Perioperative (see Q] Chapter 8, [link]) 

• Hypertrophic cardiomyopathy 

• Congenital heart disease 

• Muscular dystrophy 

• Mydonic dystrophy 

• CO PD 

• Tall stature 

• Diabetes mellitus 

• Sleep apnoea 

• Metabdic syndrome 
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Drugs used in electrical and chemical cardioversion 

There are several aspects to drug therapy in cardioversion for AF; antithrombotic medication, pre- and post-cardioversion antiarrhythmic therapy, and sedation/anaesthesia 
during the procedure. 

Antithrombotic therapy 

• If there is no clear history of time of onset, or symptoms have persisted for >48h, cardioversion should either be deferred and the patient adequately anticoagulated with 
warfarin(INR 2.0-3 .0) for a minimum of 3 weeks, or transoesophageal echocardiography utilized to exclude left atrial and atrial appendage thrombus prior to DCCV. 

• Following cardioversion attempt, whether successful or not, the patient should remain on warfarin for a minimum of 4 weeks. 

• Those in whom there is a high risk of AF recurrence or high thromboembolic risk should remain anticoagulated for the long term. 

Antiarrhythmic therapy 

Studies have suggested that amiodarone or sotald (gradually uptitrated from 80mg bd to 160mg bd), given at least 4 weeks in advance of electrical cardioversion, increases 
the success rate but in view of potential side effects this may only be appropriate in patients with a higher likelihood of procedure failure or in whom an attempt has already 
failed. Use is therefore not recommended routinely. 

Although unlicensed in the UK, ibutilide has been shown to facilitate electrical cardioversion from AF to sinus rhythm in resistant AF but increases the risk of torsades de 
pointes. 

Whilst there is no need to withdraw digoxin prior to the cardioversion attempt, if digoxin toxicity is suspected, this should be reversed in advance of cardioversion. 

Sedation or anaesthesia 

Drugs used for sedation/anaesthesia in DCCV must provide adequate sedation and analgesia, and minimal cardiovascular compromise whilst enabling rapid recovery. 
Traditionally, general anaesthetic agents such as propofol, sevoflurane, and etomidate have been used safely with rapid recovery the main advantage, whilst dependence of 
these regimens on anaesthetic department input has led others to use IV midazolam at the expense of prolonged sedation and resedation. 

Antithrombotic treatment 

The largest studies of AF treatment so far have concluded that oral anticoagulation in those at most risk of thromboembolic complications is more important than any rate- or 
rhythm-controlling treatment, offering approximately 60% risk reduction in stroke compared with 20% offered by antiplatelet agents. Furthermore, oral anticoagulation should be 
given to those at high risk of thromboembolic complications regardless of the duration or pattern of AF. The CFIADS2 score is widely used in the UK to guide treatment but there 
are several thromboembolic risk-stratification systems (Box 4.1). 




Special considerations for anticoagulation in AF 

• Hypertension should be controlled prior to anticoagulation. 

• Following cerebral infarction, anticoagulation should be delayed for 2 weeks or longer if a large infarct. 

• Anticoagulation should not be given in the case of intracranial haemorrhage. 

• Following a TIA, anticoagulation should begin as soon as possible once intracerebral haemorrhage is excluded radiologically. 

• The fbllcwing factors have been shown to be associated with an increased risk of bleeding: 

• age >75 years 

• concomitant antiplatelet drug use 

• uncontrolled hypertension 

• history of bleeding a intracerebral haemorrhage 

• anaemia 

• polypharmacy. 

Anticoagulant agents 

The vitamin K antagonist warfarin is by far the most widely used anticoagulant and requires therapeutic INR monitoring to achieve target anticoagulation safely, because of a 
narrow therapeutic range and widely variable individual dose requirements. Alternative coumarol anticoagulants such as phenindione and acenocoumard are used in cases of 
warfarin intderance. 

The recently published RELY study 1 compared the direct thrombin inhibitor dabigatran with warfarin for anticoagulation of patients in AF. The findings were a similar rate of 
stroke and a reduced rate of major haemorrhage in those treated with dabigatran 1 lOmg bd vs. adjusted- dose warfarin, and a lower rate of stroke with a similar rate of major 
haemorrhage in those treated with 150mg bd dabigatran vs. adjusted-dose warfarin. 1 This study shews promise for a future of safe anticoagulation without therapeutic INR 
monitoring. 
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Initiating anticoagulation 

Undue delay puts the patient at increased risk of stroke and therefore prompt treatment is advisable. A target INR of 2.5 (range 2-3) offers the best ratio of protection from the 
risk of thromboembolic bleeding events. 

Slow-loading regimens for warfarin are usually safe and the majority reach target INR within 4 weeks (Table 4.2). They often result in lower rates of over-anticoagulation than 
rapid-loading regimens. 

Table 4.2a Day 8: check INR 

INR Continuing dose 



<1.4 6mg See Table 4.2b 

Table 4.2b Day 15: check INR 

INR 

Check compliance 

Check INR day 22: 

INR 2-3 -continue dose 
Otherwise see Table 4.2c 

3.0- 4.0 Omit for 2 days then restart at 3mg 

4.1- 5.0 Omit for 2 days then restart at 2mg 



<1.4 lOmg 

1.4- 1 .5 7 mg 

1 .6-1 .8 6mg 

1 .9-2.4 5mg 

2.5- 2.9 4mg 



>5 Omit for 3 days then recheck INR Recheck INR day 19 



1 .4- 5mg 
1.5 



1.6- 4mg 
1.8 



1.9- 3 mg 



2.2- 2.5mg 

2.5 



2.6- 2mg 
2.7 



2.8- Omit tor 2 days then 

3 Img 



Check INR day 15: 

INR 2-3 — continue dose 
Otherwise see Table 4.2c 
Table 4.2c Day 22: check INR 

INR 

<1-1.2 Increase dose by 30% 

1 .3-1 .5 Increase dose by 25% 

1 .6- 1 .9 Increase dose by 20% 

3. 1- 3.5 Decrease dose by 15% 

3.6- 4.0 Decrease dose by 20% 

4.1- 6.0 Omit fa 1 day or until INR <5 and decrease dose by 25% 

6.1- 7 .9 Omit fa 2-3 days or until INR <5 and decrease dose by 33% 

>8 Reduce dose by 50% once INR <5 

NB: Always consider underlying cause fa high a low INR. Significant variation in diet may give rise to unpredictable INR. 

If a dose adjustment gives a fraction, round up to nearest 0.5mg. 

Source: Janes et al. (2004). Safe introduction of warfarin fa thrombotic prophylaxis in atrial fibrillation requiring only a weekly INR. Clin 
Lab Haematol 26(1):43-7. 



>3 



Stop 



Restart in 3-5 days at 1 mg 



Reference 

1 http://clinicaltrials.gov/ ClinicalTrials.gov number, NCT00262600. 
Table 4.2 Examples of a slow warfarin loading regimen 
Day 1: start warfarin 3mg daily after obtaining baseline INR 

Atrial flutter 
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Introduction 

Atrial flutter is caused by a macro-re-entrant circuit in the atria. Typical (classical or type I) atrial flutter is the most common form of atrial flutter, and the macro-re-entrant circuit 
is right atrial with an anticlockwise direction. It is dependent upon a region of slew conduction in the isthmus between the tricuspid valve and the interior vena cava. Less 
commonly, the circuit conducts in the clockwise direction. Clockwise flutter gives rise to a regular sawtooth wave (250-350bpm) seen most clearly in the inferior leads and VI 
on 12-lead ECG. Other forms of atrial flutter usually arise from structural abnormalities and myocardial scarring. Those prone to atrial flutter may also have episodes of AF. 

Diagnosis 

It may not be possible to discern the flutter wave without slowing the ventricular rate through vagal manoeuvres or administration of adenosine (see Q[] [link]). Atrial flutter often 
presents with a ventricular rate of 150bpm, which represents 2:1 conduction through the AV node with an atrial rate around 300bpm. The ventricular rate may be slower in the 
presence of AV nodal-blocking drugs. 

Pharmacological cardioversion 

Whilst longstanding atrial flutter is increasingly treated with ablative therapy, acute atrial flutter is often pooriy tolerated and requires cardioversion, either electrically a 
pharmacologically, usually with class III agents (Table 4.1). If there is 1:1 AV conduction, then there is a high chance of haemodynamic instability and precipitation of 
ventricular arrhythmia. 

• Amiodarone is usually Inline treatment of acute atrial flutter in the UK. One suggested regimen is 5mg/kg or 300mg IV in 50mL 5% glucose over lOmin followed by 
900mg in 500mL 5% glucose over 23h. It is important to use a large proximal vein to reduce the risk of venous thrombophlebitis and tissue necrosis. It is effective in both 
cardioversion and ventricular rate reduction. 

• Sotalol Img/kg IV in lOmin has been shewn to be equally efficacious. 

• Ibutilide and dofetilide have been shewn to be effective in cardioverting atrial flutter but are not licensed in the UK. 

Maintenance of sinus rhythm 

In recurrent atrial flutter, isthmus ablation is the treatment of choice. Class la or c agents may be used fa long-term maintenance of sinus rhythm. These work by preventing 
atrial ectopic beats which trigger the onset of atrial flutter. Amiodarone is an alternative in the presence of structural heart disease (often only a low dose of amiodarone is 
required, i.e. 200mg od). The most important long-term treatment is ablation (Table 4.1). 

Important note : class I agents usually slow the flutter rate, thus increasing the chance that the AV node may not be refractory when flutter waves attempt to conduct to the 
ventricle. This may result in 1:1 AV conduction, which may be life threatening. Class I agents should always therefore be co-prescribed with AV nodal blockers in atrial flutter. 
Commonly, typical flutter may be induced by a class Ic agent given fa AF, and co-prescription of an AV nodal blocking drug is similarly advised. 

Ventricular rate control 

Ventricular rate control is harder to achieve in atrial flutter because the modest increase in AV node refractory period generated by the AV blocking agents is less likely to 
generate a higher degree of AV conduction block. Agents used are as fa AF: 

• P-b lockers 

• NDCCBs 

• digoxin 

• amiodarone. 

Antithrombotic treatment 

No trials have been conducted looking specifically at anticoagulation in atrial flutter and as such, recommendations have been largely extrapolated from AF data. In paroxysmal 
and persistent atrial flutter, anticoagulation is recommended. As atrial function has been shown to be compromised following cardioversion, there is a greater thromboembolic 
risk which continues fa some time. It is therefore recommended that anticoagulation is continued for 4 weeks after cardioversion or fa 4-6 weeks following catheter ablation. 

Supraventricular (narrow complex) tachycardias 

Diagnosis 

It may not be easy to determine the nature of a regular narrow complex tachycardia (NCT) on presentation. Fig. 4.5 shows an algorithm indicating the use of IV adenosine in the 
diagnosis of underlying rhythm in NCT. 




Guide to diagnosis of supraventricular tachycardia/regular narrow complex tachycardia. 
Notes: 
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•Continuous ECG recording should commence on administration. 

Adenosine should be given as push IV injection through antecubital fossa vein (adenosine is more likely to induce AF if given via central venous line). 

Adenosine is contraindicated in the severely asthmatic owing to bronchiolar constriction. 

Adenosine effects are potentiated by dipyridamole. 

Higher rates of AV block seen if concomitantly administered with carbamazepine. 

Verapamil IV can be used as alternative AV-blocking agent fa diagnosis/arrhythmia/termination but is only recommended to be used by experienced cardiologists. 
AVNRT, atrioventricular nodal reciprocating tachycardia; AVRT, atrioventricular reciprocating tachycardia. 

Pharmacotherapy 

See Tables 4.3^t.5. 



Table 4.3 Pharmacological options fa NCT originating in the sinoatrial node 
Type of NCT Acute treatment 

Physiological sinus tachycardia Vagal manoeuvres 



Inappropriate sinus tachycardia As above 



Paroxysmal orthostatic tachycardia As above 

syndrome (POTS) 

Sinus node re-entry tachycardia As above, plus IV amiodarone, NDCCBs, 0- 

blockers a digaxin 



Long-term treatment 

0-blockers NDCCBs 

0-blockers NDCCBs Ivabradine (anecdotal evidence, no approved 
indication) Ablation 

0-blockers Fludrocortisone ± bisoprdol SSRIs 

Other agents; midodrine, clonidine, octreotide, erythropoietin 

Little scope fa pharmacotherapy-ablation is mainstay if poaly 
tolerated symptoms present 



Table 4.4 Pharmacotherapy for atrial (non-sinus node)origin NCT 



Type of NCT 



Acute treatment 



Long-term treatment 



Focal atrial tachycardia 



Reverse digitoxicity/hypokalaemia 
Vagal manoeuvres 

IV; adenosine, 0-blockers, NDCCBs, procainamide, 
flecainide, propafenone, amiodarone, solalol 



0-blockers, NDCCBs 

Disopyramide, flecainide, propafenone (in absence of 
structural/ischaemic heart disease) 

Sdald, amiodarone (NB class I agents should not be used 
without AV nodal-blocking agent) 



Multifocal atrial tachycardia (irregular Correct pulmonary disease a electrolyte disturbances 

rhythm often mistaken fa AF) 



NDCCBs 0-blockers often contraindicated due to 
pulmonary disease. 

No rde for antiarrhythmics 



Table 4.5 Pharmacotherapy tbrjunctional/AV nodal rhythms (NB ablative therapies have become the mainstay treatment d these rhythms) 



Type of NCT 



Acute management 



Chronic management 



AV nodal reciprocating tachycardia 
(AVNRT) 



Vagal manoeuvres IV adenosine IV amiodarone 



NDCCBs, 0-blockers, digaxin, Flecainide or propafenone if no 
ischaemic a structural heart disease. 

'Pill-in-the-pockef treatment for infrequent and well-talerated 
episodes (further evidence required). Diltiazem 120mg + 
proprandd 80mg mae effective than flecainide. 



AV reciprocating tachycardia (AVRT) — 
including WPW syndrome 



Vagal manoeuvres IV adenosine (contraindicated in 
preexcited AF owing to risk d rapid ventricular 
response deteriaating intoVF) 



NDCCBs, 0-blockers, digoxin (should ndbe used as 
monotherapy in those with accessory pathway that may be 
capable d rapid conduction during AF) 

Propafenone, flecainide, sotald, amiodarone. 
‘Pill-in-the-pockef — as above 



Focal junctional tachycardia 



is above IV flecainide 



Variable responsiveness to 0-blockers, flecainide 



Non-paraxysmal junctional tachycardia Carect underiying abnormality, i.e. correct 

May be precipitated by: myocardial digitaxicity or hypokalcaemia 

ischaemia/myocarditis cardiac surgery 
CO PD hypokalaemia digitaxicity 



Usually nd required but persisting tachycardia can be 
suppressed by 0-blockers or NDCCBs 



Landmark trials for atrial arrhythmias 

AFFIRM (Atrial Fibrillation Follow-up Investigation of Rhythm Management ) 1 
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• Comparison of rate versus rhythm control strategies. 

• Randomized multicentre study involving 4060 patients, mean age 70 years. 

• Outcomes: at 5 years 356 deaths in rhythm control group and 310 in rate control group (P=0.08, i.e. not statistically significant). 

• Fewer hospital admissions and adverse drug effects in rate-control group. 

• Overall it was observed that the majority of strokes occurred when warfarin was either withdrawn or INR subtherapeutic. 

CAST (Cardiac Arrhythmia Suppression Trial) 2 

Although this study investigated post-MI ventricular arrhythmia suppression, its conclusion has been extrapolated to recommend against the use of class lo antiarrhythmics for 
atrial arrhythmias in structural heart disease. There were a significantly larger number of fetal and nan-fetal cardiac arrests in the group treated with flecainide or encainide 
compared with placebo (trial stopped at 10 months). 

BAFTA (Birmingham AF Treatment of the Aged) 2007 3 

• Comparison of stroke rate in over 75s treated with warfarin (INR 2-3) and aspirin 75mg; 973 patients recruited prospectively from general practices in the UK. 

• Outcomes: warfarin group had half the number of strokes (1 .8% vs. 3.8%). 

• No significant difference in rates of extracranial haemorrhagic complications. 

• This study selected only those in whom best treatment option was not known, i.e. those at high risk would have been anticoagulated. 

ACTIVE-W (Atrial fibrillation Clopidogrel Trial with Irbesartan for prevention of Vascular Events) 4 

• 6700 patients randomized to oral anticoagulation (OAC) (INR 2-3) or aspirin 75mg plus clopidogrel 75mg. 

• Outcomes: OAC is superior to clopidogrel plus aspirin far prevention of vascular events. 

• The rates of major bleeding complications are similar in both groups. 
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Ventricular arrhythmias 

Background 

Ventricular arrhythmias are abnormal rhythms that originate from below the AV node. They include premature ventricular complexes, VT, and ventricular fibrillation (VF). 
Premature ventricular complexes (PVCs) are ectopic beats that occur independently of normal cardiac rhythm. They may be single or repetitive. VTs are divided into nan- 
sustained and sustained VT. By definition, nan-sustained ventricular tachycardias (NSVTs) last >6 consecutive beats and <30s. VT can also be divided according to the 
morphology of the QRS complexes into monomorphic VT and polymorphic VT. VF refers to irregular uncoordinated ventricular contraction resulting from disorganized electrical 
activity. 

Ventricular arrhythmias may occur in patients with structural heart disease or in patients with structurally normal hearts. Potential underlying causes include: 

• patients with structural heart disease: 

• ischaemic heart disease 

• cardiomyopathies: dilated cardiomyopathy (DCM), hypertrophic cardiomyopathy (HCM), arrhythmogenic right ventricular cardiomyopathy (ARVC) 

• valvular heart disease, e.g. nwai regurgitation 

• patients with structurally normal hearts: 

• genetic arrhythmia syndromes: long QT syndrome (LQTS), Brugada syndrome, catechdaminergic pdymorphic ventricular tachycardia (CPVT) 

• idiopathic VT: right ventricular outflow tract VT (RVOT VT), left ventricular outflow tract VT (LVOT VT). 

Some causes of ventricular arrhythmias may affect patients with structural heart disease and patients with structurally normal hearts: 

• drugs: including antiarrhythmics with pro-arrhythmogenic potential 
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• metabolic abnormalities: electrolyte abnormalities, acidosis, hypoxia. 


Symptoms associated with ventricular arrhythmias depend on the frequency, duration, and haemodynamic effects of the arrhythmia. PVCs and non-compromising VT may be 
asymptomatic or may cause symptoms such as palpitations, shortness of breath, chest discomfort, or dizziness. VT with more profound haemodynamic effects may present 
with syncope or cardiac arrest. VF rapidly results in collapse and cardiac arrest due to total ventricular chaos. 


Management of ventricular arrhythmias 




The focus of this chapter is on the role of antiarrhythmic drugs in the management of ventricular arrhythmias. Fa practical purposes, the discussion is divided into management 
of acute ventricular arrhythmias and management of ventricular arrhythmias in the chronic setting. The recommendations for antiarrhythmic drug therapy are based on the 
ACC/AHA/ESC 2006 guidelines for management of patients with ventricular arrhythmias. 1 Where possible, the level of evidence and class of indication for the use of an 
antiarrhythmic drug for a given situation has been specified. 


The antiarrhythmic drugs listed 
Most of the drugs routinely usee 
system, however, is that some 


in Tables 4.6-4.13 are classified accading to their mechanism of action using the Vaughan Williams classification (see QQ Table 4.1, [link]). 
1 for the treatment of ventricular arrhythmias are included in the Vaughan Williams classification system. One of the limitations of using this 
antiarrhythmics do not fit just one of the categaies. 


Table 4.6 Acute ventricular arrhythmias — indications fa antiarrhythmic drug therapy 


Type of arrhythmia 


Drug 


Comments 


Cardiac arrest with shock- 
resistant VF/VT 


Amiodarone (IV) (class III 
antiarrhythmic) 


Amiodarone generally considered 1st line (class 1 recommendation/level of evidence B) 




Lidocaine (IV) (class lb 
antiarrhythmic) 


Lidocaine may be considered as an alternative to amiodarone in ischaemia-driven VF/VT (class of 
recommendation indeterminate) 


Sustained monomorphic 
VT 


Amiodarone (IV) 

(class III antiarrhythmic) 


Indications fa IV amiodarone include: haemodynamically unstable sustained VT recurrent sustained 
monomorphic VT despite cardioversion 

recurrent sustained monomorphic VT despite therapy with other antiarrhythmics (class lla 
recommendation/level of evidence C) 

in patients with HF, the use of amiodarone fa acute management of haemodynamically unstable VT and 
shock-refractory VTis a class 1 indication (level of evidence B) 




Lidocaine (IV) (class lb 
antiarrhythmic) 


Lidocaine may be used fa treatment of ischaemia-driven stable monomorphic VT (class lib 
recommendation/level of evidence C) 


Polymorphic VT with 
normal QT interval 


P-blockers (IV) (class II 
antiarrhythmic) 


IV p-blockers are effective for suppression of polymorphic VT with namal QT interval (class 1 
recommendation/level of evidence B) 




Amiodarone (IV) 

(class III antiarrhythmic) 


IV amiodarone loading is effective fa suppression of polymaphic VT with normal QT interval (class 1 
recommendation/level of evidence C) 




Lidocaine (IV) (class lb 
antiarrhythmic) 


Lidocaine may be effective for management of ischaemia-driven polymorphic VT with normal QT interval 
(class lib recommendation/level of evidence C) 


Torsades de pointes 


Magnesium sulphate (IV) 


IV magnesium sulphate may be considered in patients with LQTS and torsades de pointes (class lla 
recommendation/level of evidence B) 




P-blockers (IV (class II 
antiarrhythmic) 


Patients with bradycardia and torsades de pointes may be treated with p-blockers and pacing (class lla 
recommendation/level of evidence C) 




Isoprenaline (IV) 


Indicated in recurrent torsades de pointes associated with significant pauses in patients who do not have 
congenital LQTS (class lla recommendation/level of evidence B) 




Lidocaine (IV) (class lb 
antiarrhythmic) 


May be indicated in patients with LQT3 and torsades de pointes (class lla recommendation/level of evidence 
B) 


Table 4.13 Antiarrhythmic drug therapy in patients with idiopathic VT 



Drug 

P-blockers (class II antiarrhythmic) 
CCBs (class IV antiarrhythmic) 



RVOTVT (class lla recommendation/level of evidence 



May be used for acute termination or chronic suppression of 
idiopathic VT 

May be used for acute termination or chronic suppression of 
idiopathic VT 

P-blockers and CCBs usually preferred for RVOTVT 



Acute termination of RVOT VT 



RVOT VT is typically adenosine sensitive 
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1 Zipes DP ef al. (2006). ACC/AHA/ESC 2006 guidelines for management of patients with ventricular arrhythmias and the prevention of sudden cardiac death: a report of the 
American College of Cardiology/American Heart Association Task Force and the European Society of Cardiology Committee tor Practice Guidelines (Writing Committee to 
Develop Guidelines for Management of Patients With Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death). J Am Coll Cardiol 48(5):e247-346. 

Acute management of ventricular arrhythmias 

The management of acute ventricular arrhythmias depends on the haemodynamic effect of the arrhythmia. The following section outlines guidelines for management of cardiac 
arrest and guidelines fa management of stable VT. 

Management of cardiac arrest 

Cardiac arrest refers to an abrupt loss of cardiac output. Cardiac arrest may arise due to ventricular arrhythmias (V F, pulseless VT), pulseless electrical activity (PEA), or 
asystole. Patients with cardiac arrest due to ventricular arrhythmia require urgent defibrillation. 

Antiarrhythmic drug therapy is recommended in patients with cardiac arrest and recurrent shock refractory ventricular arrhythmias (VTA/F). Amiodarone is generally 
recommended as I s * line tor shock refractory VT/VF. Lidocaine may be used as an alternative, particularly in patients with evidence of underlying caonary ischaemia. 
Recommendations for antiarrhythmic drug therapy are summarized in Table 4.6. 

The cardiac arrest algorithm (Fig. 4 . 6 ) is based on the 2005 European Resuscitation Council guidelines. 1 




Fig. 4.6 

Algaithm fa management of cardiac arrest (based on the 2005 European Resuscitation Council guidelines). 



Management of stable ventricular tachycardia 

The options fa management of stable VT include electrical cardioversion and antiarrhythmic drug therapy. It is reasonable to perform electrical cardioversion at any stage in the 
management of stable VT. Haemodynamically unstable VT requires urgent electrical cardioversion. In patients with monomorphic VT, synchronized shock is recommended. 

The choice of antiarrhythmic drug therapy tor acute ventricular arrhythmias depends on the specific type of ventricular arrhythmia, the haemodynamic effect of the arrhythmia, 
and the underlying cause of the arrhythmia. The guidelines fa antiarrhythmic drug therapy fa specific arrhythmias are outlined in the next section. 

Fig. 4.7 shews an algaithm fa management of stable VT and is based on the advanced cardiac life support (ACLS) guidelines. 2 




Treatment algaithm guide to management of ventricular tachycardia with pulse. 

Antiarrhythmic therapy in patients with acute ventricular arrhythmias 

IV preparations of antiarrhythmic drugs are generally preferred tor management of acute ventricular arrhythmias. Therefore, drugs such as sotald, which is not widely available 
in an IV preparation, are less commonly used in the acute setting. Table 4.6 summarizes ACC/AHA/ESC (2006) indications fa antiarrhythmic drug therapy. 

Monomorphic VT 
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For patients with haemodynamically stable sustained monomorphic VT, the options for antiarrhythmic drug therapy include IV amiodarone and lidocaine. Procainamide is often 
more effective for early termination of stable VT, but it is no longer available in many countries. Amiodarone is associated with fewer adverse side effects and may be preferred 
in HF patients. 

Amiodarone is generally considered Inline in patients with sustained monomorphic VT with haemodynamic compromise. Lidocaine is an alternative, particularly in patients 
with underiying coronary ischaemia. Synchronized cardioversion should be considered early in patients with unstable VT. 

For patients with recurrent shock, refractory monomorphic VT, either with or without pulse, the Inline antiarrhythmic is amiodarone. Lidocaine is an alternative in patients with 
VT in the context of coronary ischaemia. Temporary cardiac pacing may be considered in certain circumstances for suppression of recurrent VT. 

Polymorphic VT (with normal QT interval) 

Unstable polymorphic VT generally requires urgent cardioversion. High-energy defibrillation is recommended. In patients with recurrent polymorphic VT who have a 
normal baseline QT interval, the options for antiarrhythmic drug therapy include IV p-blockers, amiodarone and lidocaine. 

Polymorphic VT with normal repolarization is commonly caused by acute coronary ischaemia. IV (3-blockers are particularly useful in this setting. Urgent coronary angiography 
should be considered in patients with suspected ischaemia-driven polymorphic VT. CPVT, a genetic arrhythmia syndrome, may also respond well to P-blockade. 

Torsades de pointes 

Torsades de pointes refers to polymorphic VT in patients with LQTS. QT prolongation may be congenital or acquired. Acquired QT prolongation may be drug induced or may 
occur in the context of bradycardia due to conduction block. Drugs that prolong QT interval include: 

• class la drugs: procainamide, quinidine, disopyramide 

• class Ic drugs: flecainide, encainide, propafenone 

• class III drugs: amiodarone, sotalol. 

A variety of non-cardiac drugs prolong QT interval. For a list of drugs refer to Section 2, [link]. 

Management of torsades de pointes often depends on the underlying cause of abnormal repolarization. General measures include withdrawal of QT-prolonging drugs and 
correction of electrolyte abnormalities. Serum potassium should be maintained between 4.5 and 5mEq/L. IV magnesium sulphate may be effective tor acute suppression of 
torsades de pointes (even when serum magnesium is normal). 

In patients with torsades de pointes 2° to bradycardia, temporary pacing is recommended. IV p-blockers may be used in combination with temporary pacing. In patients with 
drug-induced torsades de pointes, if temporary pacing is not available, IV isoprenaline may be used as an alternative. 

Ventricular arrhythmias secondary to acute coronary ischaemia 

PVC and NSVT are common in patients with ACSs. Apart from p-blockers, antiarrhythmic drug therapy for suppression of PVC and NSVT is not indicated, p-blockers are 
indicated as standard treatment of patients with ACSs. In addition to reducing myocardial oxygen demand, p-blockers are effective for suppression of ventricular arrhythmias. 

For patients with sustained ventricular arrhythmias, the choice of antiarrhythmic depends on LV function. In patients with preserved LV function, options include IV 
procainamide, amiodarone, and lidocaine. Sotalol may also be considered but is not widely available in an IV preparation. In patients with impaired systolic function, 
amiodarone or lidocaine is recommended. Lidocaine is an effective alternative to amiodarone in patents with underlying coronary ischaemia. 

Ventricular arrhythmias are common in the first 48h following acute Ml. While sustained ventricular arrhythmias in the peri-infarct period are associated with a higher in-hospital 
mortality, they are not associated with an increased long-term risk. In patients with recurrent ischaemia-driven ventricular arrhythmias, urgent coronary angiography and 
revascularization should be considered. 

Idioventricular rhythms are also common in patients with acute Ml, particularly following reperfusion. In the absence of haemodynamic compromise, idioventricular rhythms do 
not require antiarrhythmic drug therapy apart from p-blockers. 
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2 The American Heart Association in collaboration with the International Liaison Committee on Resuscitation (2000). Guidelines 2000 tor Cardiopulmonary Resuscitation and 
Emergency Cardiovascular Care.Part 6: advanced cardiovascular life support: section 7 : algorithm approach to ACLS emergencies: section 7 A: principles and practice of 
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Management of ventricular arrhythmias in the chronic setting 

The longer-term treatment goals for patients with ventricular arrhythmias are prevention of sudden cardiac death and suppression of symptomatic ventricular arrhythmias. 
Treatment options include implantation of a cardiac defibrillator (ICD), pharmacological therapy, and radiofrequency ablation. Implantation of an ICD is the main strategy for 
prevention of sudden cardiac death, either tor 1° or 2° prevention. Indications for ICD include: 

• abortive cardiac arrest 2° to VF or VT with no identifiable cause 

• spontaneous sustained VT in patients with structural heart disease 

• unexplained syncope with sustained VTA/F on electrophysidogical (EP) studies or high probability of ventricular arrhythmias 

• ischaemic heart disease with impaired LV function (ejection fraction <40%), spontaneous NSVT and sustained monomorphic VT on EP studies 

• ischaemic heart disease with severe LV dysfunction (ejection fraction <30%) and NYHA class II or III HF on optimal medical therapy 

• dilated cardiomyopathy (non-ischaemic) with severe LV dysfunction (ejection fraction <30-35%) and NYHA class II or III HF on optimal medical therapy 

• inherited conditions associated with life-threatening ventricular arrhythmias e.g. LQTS, ARVC, HCM, Brugada syndrome. 

Apart from p-blockers, antiarrhythmic drugs have not been demonstrated to reduce the incidence of sudden cardiac death. Chronic antiarrhythmic drug therapy is aimed mainly 
at suppression of ventricular arrhythmias in order to reduce the symptom burden. Antiarrhythmic drugs can be used in isolation or in combination with ICD therapy. In patients 
with ICDs, antiarrhythmic dmg therapy may reduce the number of shocks and anti-tachycardia pacing episodes delivered by the device. 

In addition to the antiarrhythmic action, a number of drugs have pro-arrhythmic potential and therefore have to be used with caution. The choice of antiarrhythmic agent often 

PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). (c) Oxford University Press, 2013. All Rights Reserved. Under the terms 
of the licence agreement, an individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for personal use (for details see 
Privacy Policy) . Subscriber: OUP- Oxford Online %28Sales%26 Publicity%29; date: 15 April 2014 



Arrhythmias, conduction disturbances, and neurocardiogenic syncope 

depends on the underiying cause of the ventricular arrhythmia. 

An emerging treatment tor patients with ventricular arrhythmias is radiofrequency ablation. Catheter ablation is particularly useful in patients who are unable to tolerate 
pharmacological therapy or have arrhythmias that are resistant to antiarrhythmic drug therapy. Catheter ablation is also used in patients with ICDs and recurrent arrhythmias 
that are refractory to drug therapy. 

Drug therapy for ventricular arrhythmias in specific patient populations 

Patients with impaired LV function due to previous Ml and patients with symptomatic HF 

The following section outlines guidelines for chronic management of ventricular arrhythmias in patients with impaired LV function due to previous Ml and patients with 
symptomatic HF (irrespective of aetiology). There is significant overlap between the two patient groups and therefore not surprisingly, the guidelines for antiarrhythmic drug 
therapy are very similar (Tables 4.7 and 4.8). There are, however, some differences relating to level of evidence and class of indication for some drugs, which have been 
highlighted in Table 4.7. 



Table 4.7 Antiarrhythmic drug therapy in patients with impaired LV function due to previous Ml 


Drug 


Indications 


Comments 


P-blockers (class II 
antiarrhythmic) 


Inline therapy 

All patients should routinely be commenced on p-blockers unless specifically 
contraindicated 


Prognostic benefit in patients with impaired LV function 
due to previous Ml 

May be used as an adjunct to ICD therapy 

May also be considered as an alternative in patients 

who refuse or cannot have ICD 


Amiodarone (class III 
antiarrhythmic) 


Chronic suppression of symptomatic ventricular arrhythmias unresponsive to p- 
blockers (class lla indication/ level of evidence B) 

Adjunct to ICD therapy — decreases risk of inappropriate shocks (class lla 
indication/level of evidence C) 

Patients with an indication for ICD who refuse ICD or cannot have ICD implantation 
(class lla indication/level of evidence C) 

In patients with symptomatic HF: adjunct to ICD therapy — decreases risk of 
inappropriate shocks (class 1 indication/level of evidence C) 

In patients with symptomatic HF: pharmacological alternative to ICD therapy (class 
lib indication/level of evidence C) 


Well tolerated in patients with impaired LV function 
Often used in combination with p-blockers 
No clear prognostic benefit 


Sotalol (class III 
antiarrhythmic) 


Chronic suppression of symptomatic ventricular arrhythmias unresponsive to p- 
blockers (class lla indication/level of evidence C) 

Adjunct to ICD therapy — decreases risk of inappropriate shocks (class lla 
indication/level of evidence C) 


Greater proarrhythmic potential than amiodarone. 
Amiodarone therefore generally preferred 
Not recommended in patients with prolonged QT 
interval 

Not recommended in patients with severely depressed 
LV function 

No clear prognostic benefit 


Table 4.8 Antiarrhythmic therapy in patients with HF 


Drug 


Indications 


Comments 


P-blockers (class II 
antiarrhythmic) 


Inline therapy 

All patients should routinely be commenced on p-blockers unless specifically 
contraindicated 


Prognostic benefit, p-blockers reduce overall risk of 
sudden cardiac death 


Amiodarone (class III 
antiarrhythmic) 


Adjunct to ICD therapy — decreases the risk of inappropriate shocks (class 1 
indication/level of evidence C) 

Pharmacological alternative to ICD therapy (class lib indication/level of 
evidence C) 


Safe and well tolerated in patients with severely 
impaired ventricular function 


Sotalol (class III 
antiarrhythmic) 


Adjunct to ICD therapy — decreases risk of inappropriate shocks (class 1 
indication/level of evidence C) 

Pharmacological alternative to ICD therapy (class lib indication/level of 
evidence C) 


Greater proarrhythmic potential than amiodarone. 
Amiodarone therefore generally preferred. 



Chronic antiarrhythmic drug therapy in these two patient groups is indicated far suppression of symptomatic ventricular arrhythmias, adjunctive therapy in patients with ICD, 
and alternative therapy in patients who cannot have or refuse ICD therapy. Routine suppression of asymptomatic PVC and NSVT is not recommended. 



The options for chronic antiarrhythmic drug therapy include fS-blockers, amiodarone, and sotalol. p-blockers should be commenced as standard therapy in patients with 
impaired LV function unless specifically contraindicated. In patients with persistent ventricular arrhythmias despite (3-blocker therapy, amiodarone may be effective, often in 
combination with p-blockers. Sotalol may be used as an alternative to amiodarone; however, it is not recommended in patients with severely depressed LV function due to 
adverse haemodynamic effects. 

Class la drugs (e.g. procainamide, quinidine, disopyramide) and class Ic drugs (e.g. flecainide, encainide, propafenone) are associated with proarrhythmic effects in patients 
with ischaemic heart disease and patients with impaired ventricular function and are therefore contraindicated. CCBs are also particularly contraindicated in patients with 
severely depressed LV function due to their negative inotropic effects. 

In patients with impaired LV function, irrespective of aetiology, optimization of pharmacological HF therapy, and, where appropriate, cardiac resynchronization therapy, has 
been demonstrated to reduce the risk of sudden cardiac death. Guidelines for management of HF are discussed in m Chapter 1, [link]. 
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The indications tor ICD therapy, either for 1° or 2° prevention of sudden cardiac death, are listed on Q] [link]. In patients with underlying ischaemic heart disease in whom 
ventricular arrhythmias are precipitated by recurrent coronary ischaemia, coronary revascularization is an important consideration. 

Patients with hypertrophic cardiomyopathy (HCM) 

Patients with HCM who have a high risk of sudden cardiac death require ICD therapy, for either 1° or 2° prevention. Major risk factors for sudden cardiac death in HCM patients 
include: cardiac arrest (VF), spontaneous sustained VT, family history of sudden cardiac death, unexplained syncope, abnormal exercise BP, spontaneous NSVT, and LV 
wall thickness >30mm. 



In patients with a high risk of sudden cardiac death who cannot have an ICD, amiodarone may be used as an alternative, p-blockers, which are often used as standard therapy 
in patients with HCM to improve diastolic tilling, may have the added benefit of suppressing symptomatic ventricular arrhythmias but are not thought to have the same potential 
mortality benefit as amiodarone (Table 4.9). 



Table 4.9 Antiarrhythmic therapy in patients with HCM 

Drug Indications Comments 



Amiodarone (class III Chronic therapy for patients with previous sustained VT/VF when ICD is not feasible (class lla 
antiarrhythmic) indication/level of evidence C) 

Chronic therapy for 1° prevention in HCM patients with a high risk of sudden cardiac death when 
ICD is notfeasible(class lib indication/level of evidence C) 



Considered the most effective 
antiarrhythmic in patients with HCM 
Useful in prevention of sudden cardiac 
death in non-randomized studies 



P-blockers Standard therapy in patients with HCM — improve diastolic filling 

(class II 

antiarrhythmic) 



No clear evidence for reduction of sudden 
cardiac death 



Patients with arrhythmogenic right ventricular cardiomyopathy (ARVC) 



ARVC is a condition characterized by fibrofatty infiltration of the RV myocardium, and is associated with ventricular arrhythmias and sudden cardiac death. The impact of ICD 
therapy or antiarrhythmic drug therapy on mortality in patients with ARVC is not established. ICD therapy is indicated in patients with a history of sustained haemodynamically 
unstable VT or cardiac arrest due to VTA/F. ICD may also be considered for 1° prevention in ARVC patients with unexplained syncope. In patients with a high risk of sudden 
cardiac death who are not candidates for ICD, or have well-tolerated VT, antiarrhythmic drug therapy with amiodarone and sotald may be considered (Table 4.10). 



Table 4.' 

Drug 



l Antiarrhythmic drug therapy in patients with ARVC 

Indications 



ot feasible (class lla 

n patients with sustained VF or VT when ICD implantation is not feasible (class lla 



Comments 

Impact on mortality not 
established 

Impact on mortality not 
established 



Patients with congenital LQTS 



p-blockers represent the mainstay of chronic antiarrhythmic drug therapy in patients with congenital LQTS. In patients who have a high risk of sudden cardiac death, i.e. 
patients with a history of cardiac arrest, patients with syncope or VT while receiving p-blockers, ICD therapy is recommended in combination with p-blockers. The use of p- 
blockers is not recommended in patients who have significant bradycardia associated with LQTS (unless used in combination with permanent pacing) (Table 4.11). 



Table 4.1 1 Antiarrhythmic drug therapy in patients with congenital LQTS 



Drug 



Indications 



Comments 



P-blockers Chronic therapy for suppression of torsades de pointes in patients with a clinical 

(class II diagnosis of LQTS (class 1 indication/level of evidence B) 

antiarrhythmic) Chronic therapy for suppression of torsades de pointes in patients with a molecular 
diagnosis of LQTS who have a normal QT interval (class lla indication/level of 
evidence B) 



Not recommended in LQTS associated with prominent 
bradycardia (unless used in combination with permanent 
pacing) 



Patients with Brugada syndrome 



xiated with a high risk of ventricular arrhythmias and sudden cardiac death. Diagnosis is based on characteristic ECG features 
ardiac death or a family history of sudden cardiac death. ECG abnormalities include right bundle branch block and ST segment 
may not be evident until unmasked by provocative tests using flecainide, procainamide, or ajmaline. P-blockers may also 



No effective chronic antiarrhythmic drugs are available tor treatment of Brugada syndrome. The mainstay of treatment is ICD therapy. Isoprenaline and quinidine can be used 
acutely in patients with arrhythmia storm (even in the presence of an ICD). Quinidine has also been shown to reduce the frequency of ICD shocks long term. 

Patients with catecholaminergic polymorphic ventricular tachycardia 

CPVT is an inherited disorder characterized by stress-related polymorphic VT. Patients have structurally normal hearts and normal QT intervals, p-blockers counteract 
sympathetic stimulation and are highly effective tor suppression of ventricular arrhythmias in patients with CPVT (see Table 4.12). P-blockers should be commenced in all 
patients with a diagnosis of CPVT and documented stress-induced ventricular arrhythmias, p-blockers may also be used as prophylactic therapy in patients who are 



Brugada syndrome is a genetic condit 
associated with a history of aborted su 
elevation in leads V1-V3. The ECG cl 
augment the ECG changes. 
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diagnosed with CPVT on the basis of genetic testing with no previous documented arrhythmias. P-blockers are used in combination with ICD therapy in patients with CPVT who 
have had previous cardiac arrest. 

Table 4.12 Antiarrhythmic drug therapy in patients with CPVT 

Drug Indications Comments 

P-blockers (class CPVT with documented stress-induced ventricular arrhythmias (class I indication/level of May be used in combination with ICD in 

II antiarrhythmic) evidence C) patients with high risk of sudden cardiac death 

Prophylactic therapy in patients with a diagnosis of CPVT based on genetic analysis with no 
previous episodes of ventricular arrhythmia (class lla indication/level of evidence C) 



Patients with structurally normal hearts (idiopathic VT) 

Idiopathic VT may arise in the right ventricular outflow tract (RVOT VT) or the left ventricular outflow tract (LVOT VT). RVOT VT is by far the most common type of idiopathic VT. 
Chronic therapy with p-blockers and CCBs may be effective for suppression of RVOT VT and LVOT VT. Class Ic drugs may also be used tor management of RVOT VT (see 
Table 4.13). Catheter ablation is useful in patients with symptomatic drug-refractory VT or in those who are drug intolerant (class I indication/level of evidence C). 

Landmark trials for ventricular arrhythmias 
P-blockers 

MUSTT (Multicenter UnSustained Tachycardia Trial) 1 

• Prospective RCT. 

• Demonstrated that in patients with coronary artery disease, ejection fraction <40% and asymptomatic NSVT, p-blockers have beneficial effects on survival (5-year 
mortality 50% with p-blockers vs. 66% without p-blockers; adjusted P=0.0001). 

• There was no significant effect of P-blocker therapy on the rate of arrhythmic death or cardiac arrest (adjusted P=0.2344). 

Note: multiple studies have demonstrated beneficial effects of p-blockers in patients with coronary artery disease and HF (see Q] Chapters 2 and 3, [link], [link]) 

Amiodarone 

EMIAT (European Myocardial Infarction Amiodarone Trial) 2 

• Randomized placebo controlled trial. 

• Demonstrated that in high-risk patients post Ml, there was no significant reduction in overall mortality in patients treated with amiodarone compared with placebo. 

• Past hoc analysis demonstrated that a combination of amiodarone and p-blocker had a significant mortality benefit (unadjusted all-cause mortality reduction of 30%). 

CAMIAT (Canadian Amiodarone Myocardial Infarction Arrhythmia Trial) 3 

• Randomized placebo-controlled trial. 

• Demonstrated that in high-risk patients post Ml, there was no significant reduction in incidence of arrhythmic death in patients treated with amiodarone compared with 
placebo. 

• Post hoc analysis demonstrated that a combination of amiodarone and p-blocker had a significant mortality benefit (unadjusted all-cause mortality reduction of 60-72%). 

SCD-HeFT (Sudden Cardiac Death in Heart Failure Trial) 4 

• Randomized placebo-controlled trial. 

• Demonstrated that in patients with NYHA class II or III HF and LV ejection fraction £35% on optimal medical therapy, while ICD therapy reduced all-cause mortality, 
amiodarone had no favourable effect. 

Sotalol 

SWORD (Survival With Oral D-Sotalol) 5 

• Randomized placebo-controlled trial. 

• Demonstrated that in patients with LV ejection fraction of £40% and either a recent Ml a symptomatic HF with a remote Ml, sotalol was associated with an increased 
mortality, presumed 2° to arrhythmias (5.0% mortality in sotalol group compared with 3.1% in placebo group). 

Class I antiarrhythmics 

CAST I (The Cardiac Arrhythmia Suppression Trial) 6 

• Randomized placebo-controlled trial. 

• Demonstrated that in post-MI patients with ventricular premature depolarizations, encainide and flecainide were associated with increased mortality and non-fatal cardiac 
arrests compared to placebo (encainide and flecainide-treated patients had a 3.6-fold excessive risk of arrhythmic death compared with placebo-treated patients). 

References 

1 Circulation 2002; 106:2694-9. 

2 Lancet 1997; 349:667-74. 

3 Lancet 1997; 349:675-82. 

PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). (c) Oxford University Press, 2013. All Rights Reserved. Under the terms 
of the licence agreement, an individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for personal use (for details see 
Privacy Policy) . Subscriber: OUP- Oxford Online %28Sales%26 Publicity%29; date: 15 April 2014 



Arrhythmias, conduction disturbances, and neurocardiogenic syncope 



4 N Engl J Med 2005; 352:225-37 . 

5 Lancet 1996; 348:7-12. 

6 N Engl J Med 1989; 321:406-12. 

Bradycardia 

Background 

Bradycardia is defined as a heart rate of <60bpm. However, patients do not usually develop symptoms until the heart rate falls to <50bpm. Bradycardias can broadly be 
divided into sinus bradycardia and bradycardia due to AV conduction block. 

Sinus bradycardia 

Sinus bradycardia may be physiological or pathological. Examples of physiological sinus bradycardia include nocturnal sinus bradycardia and bradycardia in trained athletes. 
Pathological sinus bradycardia may arise due to extrinsic causes (e.g. drugs, metabolic disorders) or intrinsic sinus node dysfunction i.e. sick sinus syndrome. Sick sinus 
syndrome is characterized by failure to generate or transmit impulses at the sinus node. Most patients with sinus bradycardia who have normal sinus node function are 
asymptomatic. Symptoms, e.g. dizziness, syncope, and dyspnoea, are more common in patients with sinus node dysfunction. 

Bradycardia due to AV conduction block 

AV conduction block can be classified into 1 degree, 2 nd -degree, or 3 rd -degree heart block, according to the part of the conduction system affected and the appearance on the 
surface ECG as follows: 

1 st -degree heart block 

• Majority of cases are due to conduction delay at the level Of the AV node. 

• ECG is characterized by a prolonged PR interval (PR interval >200ms). 

2 nd -degree heart block 

• Mobitz I: 

• majority of cases are due to conduction delay at the level of the AV node 

• ECG is characterized by progressive prolongation of the PR interval followed by failure to conduct a beat. 

• Mobitz II: 

• majority of cases are due to dysfunction of the conduction system distal to the AV node (His-Purkinje system) 

• ECG: constant PR interval with intermittent failure to conduct beats. 

3 rd -degree heart block 

• Majority of cases are due to dysfunction of the conduction system distal to the AV node (His-Purkinje system). 

• ECG: complete AV dissociation. 

14-degree and Mobitz 1 2 nd -degree heart block are generally considered to be benign conditions and may be physiological (e.g. in patients with high vagal tone) or pathological. 
Mobitz II 2 nd -degree AV block and 3 rd -degree AV block are almost always pathological and may arise due to degeneration or injury to conduction tissue. Mobitz II 2 nd -degree 
AV block is associated with a higher risk of developing symptomatic bradycardias and progressing to 3 rd -degree AV block. In patients with 3 rd -degree AV block, atrial 
impulses are not conducted to the ventricles and an escape rhythm is generated from an accessory pacemaker distal to the AV node. The escape rhythm may originate from 
the bundle of His or the distal ventricular conduction system. Patients with more distal ventricular pacemakers have a broad complex escape rhythm on the surface ECG. 

In patients with partial AV block, i.e. bundle branch block and fascicular block, AV conduction is maintained and therefore bradycardia is rare. There is, however, a risk of 
progression to complete heart block and hence symptomatic bradycardia. In isolated bundle branch a fascicular block, progression to complete heart block is rare. In patients 
with bitascicular and trifascicular block, the risk of development of complete heart block is higher; however, the overall incidence is still low. 

In patients with AV block, symptoms are more common with higher degrees of block. Most patients with 14-degree and Mobitz 1 2 nd -degree AV block are asymptomatic. 
Patients with higher degrees of AV block may present with symptoms such as dizziness, syncope, shortness of breath, fatigue, and chest pain. Patients with complete heart 
block, especially those with a broad complex escape rhythm, are at risk of developing haemodynamic compromise due to severe bradycardia or asystolic cardiac arrest. 
Those with QT prolongation are also at risk of torsades de pointes. 

Management of bradycardias 

The following section is divided into management of acute bradycardias and management of bradycardias in the chronic setting. The role of pharmacological agents is restricted 
to management of acute bradycardia, which is the main locus of this chapter. 

Acute management of bradycardias 

The management of acute bradycardia depends on the severity of the bradycardia, the haemodynamic effect of the bradycardia, and the underlying cause of the bradycardia. 
Principles of management of symptomatic bradycardias in the acute setting include correction of reversible underlying causes and, where appropriate, the use of drugs to 
increase heart rate a temporary cardiac pacing. 

The algorithm in Fig. 4.8 outlines the 2005 European Resuscitation Council guidelines 1 for management of acute bradycardia. The next section contains a discussion on the 
role of drugs for management of acute bradycardia and guidelines for specific management of drug-induced bradycardia. 
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Fig. 4.8 

Treatment algorithm for acute bradycardia. Data from Brignde M et al. (2004). Guidelines on management (diagnosis and treatment) of syncope-update 2004. Europace 
6:467-537.' 



Drugs for acute management of bradycardias 

Atropine is considered the Inline pharmacological agent for acute management of severe or haemodynamically compromising bradycardia. In patients who do not respond to 
initial treatment with atropine, transcutaneous pacing is usually the next step. Alternatively, 2 nd -line drugs such as adrenaline and dopamine may be used. Pharmacological 
therapy and transcutaneous pacing are often used as temporizing measures until transvenous pacing is initiated. Table 4.14 outlines guidelines fa pharmacological therapy fa 
acute bradycardias which are based on the 2005 American Heart Association Guidelines fa Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. 2 

Table 4.14 Drugs to increase heart rate 

Drug Indications Comments 

Atropine Inline drug tor treatment of acute symptomatic bradycardia (level of evidence Initial dose 0.5mg IV (repeat to a maximum dose of 3mg) 

lla) Mae useful in patients with: 

• sinus bradycardia 

• Mobitz I 2 nd -degree heart block 

• 3 rd -degree heart block with high Purkinje a AV nodal escape 
rhythm 

Ineffective a less effective in patients with: 

• sick sinus syndrome 

• Mobitz II 2 nd -degree heart block 

• 3 rd -degree heart block with lew Purkinje a ventricular escape 
rhythm 

Use with caution in patients with caonary ischaemia: 

• can precipitate ventricular arrhythmias 

• in ischaemia-induced conduction block atropine may increase 
oxygen demand of AV node and worsen block 

• increase in heart rate may worsen ischaemia a increase the zone 
of infarction 

Adrenaline 2 nd -line agent — may be used fa persistent severe bradycardia if atropine a Can be used as a tempaary measure until definitive pacing is instituted 

tempaary pacing tails (level of evidence lib) a if pacing is not available 

Particularly useful if hypotension is an issue (due tovasoconstricting 
effect) 

Infusion 2-10mcg/min (titrate against response) 

Use with caution in patients with caonary ischaemia — can exacerbate 
ischaemia 

Dopamine 2 nd -line agent— may be used for persistent severe bradycardia if atropine a Can be used as tempaary measure until definitive pacing instituted a if 

tempaary pacing fails (level of evidence lib) pacing is not available 

Infusion 5-20mcg/kg/min (titrate against response) 

Can be administered alone or added to adrenaline 

Use with caution in patients with caonary ischaemia — can exacerbate 

ischaemia 

In addition to the drugs listed in Table 4.14, drugs such as isoprenaline and glycopyrronium bromide may be used in certain circumstances for management of acute 
bradycardias. IV isoprenaline has been used as a 2 nd -line agent fa management of acute symptomatic bradycardia; however, it has fallen out of favour due to adverse side 
effects such as hypotension and arrhythmias. Glycopyrronium bromide is commonly used during anaesthesia to block vagal inhibitory reflexes. 

References 

1 Nolan JP et al. (2005). European Resuscitation Council Guidelines for Resuscitation 2005. Resuscitation 67(Suppl 1):S39-S86. 
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Management of drug-induced bradycardias 



In the majority of patents with dmg-induced bradycardia, the only treatment required is withdrawal of the offending drug. Common cardiac drugs that may cause bradycardia 
include p-blockers, CCBs, digoxin, class I anf-arrhythmics, and class III antiarrhythmics. Non-cardiac drugs that may induce bradycardia are covered in (T] Non-cardiac 
drugs affecfng the heart, [link]. 



In patients with bradycardia 2° to toxic levels of rate-slowing drugs, in additon to the drugs listed in Table 4.15, specific antidotes may be used in certain circumstances. Such 
measures are often reserved for patients with profound bradycardia with evidence of end-organ hypoperfusion or a high likelihood of clinical deterioration. 



Table 4.15 Specific treatment options for bradycardia 2° to drug toxicity 



Drug causing Treatment 

bradycardia 

3-blocker Glucagon 



Inotropes: adrenaline, 
dobutamine, isoprenaline 



Comments 



Inline antidote 

Inotropic effect not mediated by p-receptors; therefore more effective for p-blocker toxicity 
2-1 Omg bdus followed by 2-5mg/h infusion 

Competitive p-receptor agonists 

High doses often required to overcome the effect of P-blockade 



CCBs 



Digoxin 



Phosphodiesterase inhibitors: Inotropic; however, causes peripheral vasodilatation which exacerbates hypotension — therefore not commonly 

amrinone, milrinone used Can be used in combination with vasoconstricting inotropes 



High-dose insulin 



IV calcium 



Glucagon 



Evidence restricted to case reports 

Infusion in combination with dextrose — monitor glucose and potassium 
Inline antidote 

Partially overcomes calcium blockade 

Calcium chloride a calcium gluconate can be given as boluses or infusion — monitor levels 
Can be used as bolus or infusion: 2-10mg bolus tbllowed by 2-5mg/h infusion 



High-dose insulin As with p-blocker, toxicity evidence restricted to case reports 

Digoxin-specific antibodies Inline antidote 

(digibind) Digoxin-specific antibodies (Fab fragments) 

Also indicated for haemodynamically unstable arrhythmias induced by digoxin toxicity 



Management of bradycardias in the chronic setting 

The management of patients with bradycardias in the chronic setting depends on the presence of symptoms, the correlation of symptoms to the bradycardia, and the 
underlying cause of the bradycardia. Patients with physiological bradycardia are usually asymptomatic and do not require specific treatment. The management of symptomatic 
bradycardias due to extrinsic causes involves correction of potential underlying causes, e.g. withdrawal of rate-limiting drugs. Pacemaker implantation represents the mainstay 
of treatment of patients with intrinsic conduction disease who have symptomatic bradycardia. Pacemaker implantation may also be indicated in asymptomatic patients with 
high-degree AV block and patients with incomplete AV block (bundle block and fascicular block) who are deemed to have a high risk of developing high-degree AV block. 

The following section summarizes the ACC/AHA/HRS (2008) indications for permanent cardiac pacing in patients with sinus bradycardia, bradycardia due to AV conduction 
block, or incomplete AV block. 

Indications for permanent pacing in patients with sinus node dysfunction (SND) 

Class I indications 

• Sinus bradycardia (<40bpm) with symptoms clearly related to the bradycardia 

• Sinus node dysfunction with symptomatic chronotropic incompetence 

• Symptomatic sinus bradycardia induced by drug therapy which is required for other medical conditions 
Class II indications 

• Sinus bradycardia (<40bpm) with symptoms; however, no clear association demonstrated between symptoms and bradycardia 

• SND (on EP studies) and unexplained syncope 

• Sinus bradycardia with rates <40bpm whilst awake with minimal symptoms 

Indications for permanent pacing in patients with AV block 

Class I indications 

• Complete (3 rd -degree) heart block 

• Advanced 2 nd -degree heart block 

• Mobitz I or Mobitz II 2 nd -degree AV block with symptoms 
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Class II indications 

• l^-degree heart block with adverse haemodynamic effects due to a prolonged AV delay 

• Asymptomatic Mobitz II 2 nd -degree AV block with narrow QRS (type II 2 nd -degree AV block with a wide QRS is a class I recommendation) 

Indications for permanent pacing in patients with incomplete AV block 

Class I indications 

• Advanced 2 nd -degree AV block or intermittent 3 rd -degree AV block 

• Type II AV block 

• Alternating bundle branch block 

Class lla indications 

• Syncope not demonstrated to be due to AV block when other likely causes have been excluded, specifically VT 

Neurocardiogenic syncope 

Background 

Neurocardiogenic syncope, also known as vasovagal syncope, is an example of a neurally mediated syncope. It is the most common cause of syncope and is usually 
associated with a benign prognosis. Some patients, however, experience recurrent episodes of syncope, which can be severely disabling. 

The pathophysidogy of neurocardiogenic syncope is incompletely understood. It is believed to be due to triggering of a paradoxical reflex. Under normal circumstances, when 
peripheral blood poding occurs (e.g. on standing), decreased venous return results in sympathetic activation which increases heart rate and causes peripheral 
vasoconstriction. In patients with neurocardiogenic syncope, vigorous cardiac contraction due to sympathetic activation is thought to activate a paradoxical reflex. The reflex 
results in suppression of the sympathetic nervous system and paradoxical activation of the parasympathetic nervous system. This results in a cardidnhibitory (bradycardia) or 
a vasodepressor (peripheral vasodilatation) response, or a mixture of both. The overall effect is hypotension, which results in cerebral hypoperfusion and transient syncope. 

A wide variety of stimuli can trigger an episode of syncope. Typical triggers include: 

• prdonged periods of standing 

• prdonged exposure to heat 

• dehydration 

• emdional distress 

• painful stimuli 

• urination 

• defecation 

• coughing 

Syncope almost always occurs when the patient is in the upright position. The onset of syncope may be abrupt or, more commonly, may be preceded by prodromal 
symptoms such as light-headedness, diaphoresis, nausea, and visual disturbances. Loss of consciousness is usually brief and recovery rapid. 

Diagnosis of neurocardiogenic syncope requires a detailed assessment for exclusion of other potential causes of syncope, e.g. cardiac arrhythmias. The investigation of ohdoe 
is the head-up tilt test— a provocative test aimed at inducing syncope under controlled circumstances. A tilt test is considered positive if syncope is reproduced with a 
significant cardioinhibitory or vasodepressor response, or a combination of both. 

Management of neurocardiogenic syncope 

In the majority of patents present ng with neurocardiogenic syncope, management involves reassurance and patient educafon. General meas-ures far avoidance of recurrent 
syncope include: 

• recognif on and avoidance of triggers 

• recognifon of prodromal symptoms and use of physical manoeuvres to avoid syncope 

• increased intake of salt and water 

• manoeuvres to reduce peripheral blood pooling, e.g. orthostafc training, graded support stockings, etc 

• withdrawal of vasodilator drugs. 

In a small proportion of cases, i.e. patients with recurrent syncope who do not respond to the lifestyle measures, pharmacological therapy and permanent pacing may be 
considered. However, evidence to demonstrate efficacy of either strategy is limited. This section contains a discussion on pharmacological therapy far management of 
neurocardiogenic syncope and indications for permanent pacing. 

Drug therapy for treatment of neurocardiogenic syncope 

A variety of different drugs have been used for treatment of recurrent neurocardiogenic syncope. However, most of the evidence is limited to non-randomized studies or short- 
term RCTs. The majority of large long-term randomized trials have failed to demonstrate benefit. Table 4.16 contains a list of drugs and summarizes the evidence far their use in 
treatment of neurocardiogenic syncope. Where available, the level of evidence and class of indication from the 2004 ESC guidelines for management of syncope has been 
specified. 1 For the majority of drugs, however, there are no recommendations due to a lack of evidence. 
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Table 4.16 Drugs for management of neurocardiogenic syncope 






Comments 



3-blockers 



Most commonly used dmgs for treatment of neurocardiogenic syncope 

Majority of large RCTs have failed to demonstrate efficacy 2-4 (class III indication/level of evidence A) 

Exact mechanism of action unclear. Thought to suppress catecho-linergic surge, which in turn suppresses the paradoxical reflex 
Use with caution in patients with marked cardioinhibitory response — negative chronotropy may enhance cardioinhibitory response 



a-blockers (midodrine, Commonly used for treatment of neurocardiogenic syncope 

etilefrine) Midodrine has been shown to be effective in a number of small trials. Evidence from large randomized trials lacking 5-7 

Etilefrine failed to demonstrate efficacy in a randomized controlled trial 8 (class III indication/level of evidence B) 

Mechanism of action: increases arterial tone, which counters vasodepressor response. Also increases venous tone which reduces peripheral 
pooling of blood. 

Potential harmful side effect: hypertension 



Fludrocortisone 



Insufficient evidence to support its use 

Mechanism of action: volume expansion by salt and water retention 

Potential harmful side effects in elderly patients: hypertension oedema, cardiac failure 



Disopyramide 



Not generally recommended as 1 st line due to potential side effects 
Has been used in cases resistant to conventional Inline drugs 

Potential harmful side effects: proarrhythmic effect (class I antiarrhythmic) negatively inotropic 
One RCT failed to show efficacy — insufficient evidence to prove efficacy 9 

Mechanism of action: not clearly understood. Anticholinergic effect may counteract excessive vagal activity and suppress cardioinhibitory 
response. 



SSRIs (e.g. paroxetine) Not generally recommended as 1 st line 

Have been used in cases resistant to conventional medical treatment 
Evidence limited to one small RCT— insufficient evidence to prove efficacy 10 

Mechanism of action: unclear. Thought to modify the baroreflex response centrally. Central serotonergic neuronal pathways involved in neural 
regulation of cardiovascular function. 

Theophylline Not generally recommended as 1 st line due to potential side effects 

Evidence limited to uncontrolled reports — insufficient evidence to prove efficacy 11 
Has been used in cases resistant to conventional medical treatment (rarely) 

Mechanism of action: non-selective and competitive PDE-3 and -5 inhibitor adenosine receptor antagonist 



Permanent pacing for treatment of neurocardiogenic syncope 

Implantation of permanent pacemakers in patients with neurocardiogenic syncope is controversial. Overall, pacing plays a minor rde and is indicated in selected patients, i.e. 
patients with predominantly cardioinhibitory syncope. The 2008 ACC/AHA/HRS indications for pacemaker implantation in patients with neurocardiogenic syncope are listed 



Class lla indication 

• Permanent pacing is reasonable tor syncope without clear, provocative events and with a hypersensitive cardioinhibitory response of a3s or longer. 

Class lib indication 

• Permanent pacing may be considered tor significantly symptomatic neurocardiogenic syncope associated with bradycardia documented spontaneously or at the time of 
tilt-table testing. 
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Mitral stenosis [link] 

Mitral regurgitation [link] 

Mitral valve prolapse [link] 

Aortic stenosis [link] 

Aortic regurgitation [link] 

Tricuspid disease [link] 

Pulmonary valve disease [link] 

Antithrombotic management in valve heart disease [link] 

Cardiomyopathy [link] 

Valvular heart disease 

The most common causes of 1° stmctural defects in the heart are valvular heart disease, heart muscle disease (cardiomyopathy), and congenital structural heart diseases. 
Less commonly, 2° heart damage may be caused by infection. 

Any of the four valves of the heart can be affected, although left-sided valvular disease is far more common than right-sided disease. 

Mitral stenosis 

Mitral stenosis (MS) has become much less prevalent in developed countries, as the main aetidogical factor, rheumatic fever, is now rare. Whilst physical examination, chest 
X-ray (CXR), and ECG can lead to diagnosis, echocardiography has become the mainstay in the assessment of the severity of MS. It detects coexisting mitral regurgitation 
(MR), enables measurement of LA dimensions, and is used to monitor the outcomes of surgical a percutaneous valvotomy. 

Symptoms may not develop tor many years but most frequently include exertional dyspnoea. 

Medical management 

Dyspnoea can be helped by diuretics or long-acting nitrates. 13-blockers and NDCCBs improve exercise tolerance by prolonging diastole and increasing LV filling time hence 
improving cardiac output. Patients in AF require anticoagulation with INR in the range 2-3. Class Ic or III antiarrhythmics can postpone the development of AF but are seldom 
helpful once AF is established. In patients in sinus rhythm, anticoagulation should take place when there is LA thrombus a a history of thromboembolism. It is also 
recommended when LA diameter is >5cm or spontaneous echo contrast is seen on trans-oesophageal echo. 

Surgery is indicated in symptomatic patients or in those with a mitral valve area <1.5cm 2 (1.7-1. 8cm 2 if the patient is large). 

Mitral regurgitation 

MR can be divided into organic (valve leaflet abnormality), ischaemic, and functional. 

Organic MR 

As with MS, echocardiography is the principal investigation to establish the diagnosis and severity of regurgitation and to monitor progress before and after surgery. Echo 
should generally be performed every 2 years in moderate MR and yearly in severe MR. 

Medical management 

• Nitrates and diuretics reduce filling pressures and sodium nitroprusside reduces afterload and hence the degree of regurgitation. 
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• Inotropes are required in cases of cardiogenic shock. 

• Anticoagulation is required in the presence of AF (either permanent or paroxysmal) or when there is a history of thromboembolism or LA thrombus and for 3 months after 
MV repair. 

• ACEIs are indicated when there is evidence of LV dysfunction. 

• p-blockers and spironolactone should also be used in the setting of LV dysfunction. 

• Endocarditis prophylaxis should also be used as appropriate (see QJ [link]). 

Ischaemic MR 

This can be chronic, due to tethering by the subvalvular apparatus in LV dilatation, or acute, due to papillary muscle rupture, presenting with acute shock usually in the setting 
of acute Ml. Surgery is often indicated but operative mortality is higher than in organic MR. Acute papillary muscle rupture requires urgent surgery once haemodynamically 
stabilized by means of IABP and vasodilators. Coronary bypass is usually conducted at the same time as valve replacement/repair. 

Functional MR 

In this situation, the valve structure is normal but affected by distorted LV architecture as with LV impairment or cardiomyopathy. MR in this setting may be exacerbated by 
dyssynchrony of the ventricles, and resynchronization therapy may be beneficial. 

Medical management 

Drug therapy is usually the preferred treatment prior to considering surgical correction of the regurgitant MV. 

• ACEIs and p-blockers may reduce MR by progressive inverse remodelling of the LV. 

• Nitrates and diuretics are useful for treating acute breathlessness. 

Mitral valve prolapse 

Also known as ‘Barlow syndrome', mitral valve prolapse (MVP) is due to abnormal mitral valve apparatus such as excessively large valve leaflets, enlarged annulus, long 
chordae tendinae, cr disordered papillary muscle contraction. Although more common in young women, the disease tends to be more severe in men aged 50 years or over. It is 
the most common cardiac condition that predisposes to infective endocarditis. Normally, the mitral valve billows slightly into the LA, and mild mitral prolapse is so common that 
it may be regarded as a normal variant. MVP usually occurs as a 1° condition; however, it may be associated with a variety of conditions such as connective tissue disorders. 

Medical management 

• p-blockers may be helpful if palpitations 2° to arrhythmia are severe. They are also effective for atypical chest pain which may occur in patients with MVP. If the 
arrhythmias are uncontrollable with p-blockers, then other anfiarrhythmic drugs may be utilized. 

• Antiplatelet therapy, such as aspirin or clopidogrel, is indicated in those patients with a history of TIA or stroke in whom no other cause is apparent. Some recommend 
prophylaxis with antiplatelet agents in all patients with MVP and a murmur because of a small but significant increase in risk of stroke (10%) in these individuals. 

• There is no evidence to support the use of ACEIs to halt the progression of MVP to MR. However, these medications may improve the MR in the setting of hypertension. 
Mitral valve repair is indicated in patients with MVP and severe MR as this condition is associated with a high risk of sudden cardiac death. 

• For infective endocarditis prophylaxis, see [link]. 

Aortic stenosis 

Aortic stenosis (AS) has three main causes: 

• congenital AS develops due to turbulent flow across a congenitally abnormal aortic valve which may be uni-, bi-, or tricuspid 

• rheumatic fever — usually with coexistent mitral valve disease 

• degenerative AS is 2° to calcification of the aortic valve and is the commonest cause of AS. 

While AS progresses, there are usually no symptoms until the aortic orifice is reduced to about 1.0-1 .5cm 2 . At this stage, the usual triad of symptoms consists of angina, 
syncope, and dyspnoea, progressing to HF. Patients with congenital or rheumatic AS usually present in their 50s and 60s. Those with degenerative AS usually present in their 
70s and 80s. 

Medical management 

Asymptomatic patients should be regularly fdlowed-up with echocardiography, and asked to report any new symptom development. Symptoms of AS are a good marker of 
severity, and all patients with symptoms should undergo an aortic valve replacement, as medical therapy has little to offer. If the patient is deemed inoperable, then medical 
intervention has a role. 

• Antibiotic prophylaxis for infective endocarditis should be considered, and risks/benefits discussed on an individual basis. Good oral hygiene should be encouraged. 

• Cardiac glycosides can be used as inotropic agents and also to control the ventricular rate in associated AF, which usually occurs late. Treatment of atrial arrhythmia is 
beneficial as its presence leads to loss of the atrial contribution to ventricular filling. 

• Diuretics may be used tor management of pulmonary and peripheral oedema. 

• ACEIs may be used for HF and hypertension. 

• In selected patients with pulmonary oedema, sodium nitropmsside may be used underdose supervision. 

Practical note: diuretics and ACEIs should be used with caution to avoid critically reducing preload in those with significant AS and a hypertrophic nan-compliant LV. p- 
blockers and CCBs can depress myocardial function thereby precipitating HF and should be avoided. 

The progression of degenerative AS is an active process, sharing many similarities with atherosclerosis. Therefore, modification of atheroscler-otic risk factors must be 
recommended tbllcwing the guidelines tor 2° prevention. Recently, several small observational studies suggested that HMG-CoA reductase inhibitors (statins) can reduce aortic 
valve calcification and delay the progression of AS severity. Although these retrospective studies are promising for a potential role of these drugs in the management of 
calcific/degenerafive aortic valve disease, data are conflicting and the only randomized trial assessing the effect of statin therapy is negative. Therefore, the ESC guidelines 
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state that it is currently too early to provide a recommendation. In similar observational studies, use of ACEIs was associated with slower calcium accumulation in the aortic 
valve; however, no haemodynamic benefit was seen during the same period. 

Aortic regurgitation 

Aortic regurgitation (AR) may be caused by 1° disease of the aortic valve leaflets or by disease of the aortic root (see Table 5.1). 

Table 5.1 Causes of aortic regurgitation 

Valve disease Aortic root disease 

Rheumatic fever— may result in combined AR and AS 
Infective endocarditis 
Rheumatoid arthritis 

Systemic lupus erythematosus (SLE) Aortic dissection 

Drugs, e.g. appetite suppressants Seronegative spondylcarthritides e.g. ankylosing spondylitis 

Iatrogenic — following aortic valvotomy or deterioration of a prosthetic valve Marian syndrome (cystic medial necrosis) 

Osteogenesis imperfecta 
Syphilis 



History 

The main symptoms — dyspnoea, palpitations, and angina — occur late, developing once LV failure has occurred. This is because the LV gradually enlarges while the patient is 
asymptomatic. ‘Pounding’ of the heart is particulariy troublesome and occurs due to premature ventricular contraction. Arrhythmias, however, are uncommon. 

Management 

• The risks vs. benefits of antibiotic prophylaxis should be discussed and good oral hygiene recommended (see [TJ Chapter 6, [link]). 

• Asymptomatic patients require no specific treatment; however, regular echocardiographic monitoring of LV function and dimensions is prudent, and may need to be as 
often as every 6 months in patients with severe AR. 

• Some physicians advocate the use of vasodilators in asymptomatic patients to retard LV enlargement and dysfunction and delay the need for surgery; however, the ESC 
guidelines state that this is unproven. 

• Vasodilator therapy is useful in preparing patients for surgery. In hypertensive asymptomatic patients, treatment with ACEIs or dihydropyridine CCBs is recommended 
(ESC guideline). Symptomatic patients usually require surgical intervention, and this should be performed before significant symptoms occur. 

• Those patients who are unsuitable for surgery should commence treatment with ACEIs, diuretics, >digoxin, and salt restriction. 

• /3-blockers should be used with extreme caution as they lengthen diastole, thereby increasing the regurgitant volume. However, they are useful for patients with Marfan 
syndrome as they slew the progression of aortic dilatation. 

• Acute AR is a medical emergency, rapidly leading to LV failure and cardiogenic shock. The treatment of choice is aortic valve replacement. Medical therapy can be used 
as a bridge to surgery but should not replace it. Inotropic agents such as dobutamine or dopamine reduce atterload and thus assist with outflow. Afterload reduction with 
sodium nitroprusside improves cardiac performance, greatly decreases LV preload, and reduces aortic regurgitant volume. 



Hypertension 

Degenerative aortic dilatation 



Tricuspid disease 
Tricuspid stenosis 

Tricuspid stenosis (TS) is now rare in the Western world as it is almost always 2° to rheumatic fever. Rarer causes of TS include carcinoid syndrome, endomyocardial fibrosis, 
SLE, tumours of the RA, and congenital tricuspid atresia. Frequently, TS is associated with other valve pathology especially mitral stenosis. 

Medical management 



• This should be focused on management of the underlying cause. 

• Any arrhythmias should be addressed. 

• Endocarditis prophylaxis should be given as appropriate. 

• Sodium restriction and diuretic therapy may eliminate fluid overload and its associated symptoms, as well as improving hepatic function. 

TS is largely a surgical condition and requires either commissurotomy or replacement of the valve if right heart failure or low cardiac output has resulted. As TS is rarely an 
isolated lesion, surgery usually involves multiple valves. 

Tricuspid regurgitation 

Causes of tricuspid regurgitation (TR) are either organic or, more commonly, functional. Functional TR occurs whenever the RV dilates, i.e. with any cause of RV failure. The 
most common cause is mitral valve disease (see Table 5.2). 
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Table 5.2 Causes of tricuspid regurgitation 



Functional causes (normal valve) 



Organic causes (abnormal valve) 



Cor pulmonale 
Ml 

Pulmonary hypertension 

Congenital heart disease, e.g. pulmonary stenosis and Eisenmenger syndrome 
Dilated cardiomyopathy 



Rheumatic heart disease 

Infective endocarditis (particulariy Staphylococcus from IV drug misuse) 
Carcinoid syndrome 
Ebstein anomaly 

Tricuspid valve prolapse (occurs in 20% of patients with MVP) 
Connective tissue disorders e.g.: 



Marian syndrome 
Ehler-Danlos syndrome 
Osteogenesis imperfecta 



Treatment is again determined largely by the underiying cause. 

• If the TR is 2° to left heart failure, then medical management centres on the control of fluid overload and symptoms of HF and diuretic therapy may be required. 

• Other medications include cardiac glycosides and ACEIs. 

Surgical treatment is required in the presence of the tbllcwing: 

• structural deformity of the valve 

• infective endocarditis 

• TR uncontrolled with medical therapy. 

Pulmonary valve disease 

Medical options tor management are limited tor disease of the pulmonary valve. 

Pulmonary stenosis 

Pulmonary stenosis (PS) is commonly congenital and is associated with Turner syndrome, Noonan syndrome, Williams syndrome, congenital rubella infection, and tetralogy of 
Fallot. The rare acquired causes include rheumatic fever and carcinoid syndrome (in association with tricuspid valve disease). 

Management 

Infective endocarditis prophylaxis is administered as necessary. In neonates, prostaglandins are administered if there is duct-dependent circulation. In adults, treatment is 
indicated if the patient is symptomatic, or asymptomatic with RVOT gradient >50mmHg. Balloon dilatation of the pulmonary valve performed during cardiac catheterization has 
replaced surgical pulmonary valvotomy as the treatment of choice. 

Pulmonary regurgitation 

Pulmonary regurgitation (PR) is caused by any condition that causes pulmonary hypertension. Other causes include Marfan syndrome, Takayasu arteritis, rheumatic heart 
disease (rare), infective endocarditis, carcinoid syndrome, and iatrogenic damage. 

Management 

Specific treatment of PR is rarely necessary. This is because the RV normally adapts to low-pressure volume overload without difficulty. However, treatment of the underiying 
condition is warranted in severe PR. Cardiac glycosides may be helpful if right heart failure exists. 

Antithrombotic management in valve heart disease 

Approximately 75% of complications after valve replacement relate to thromboembolism or bleeding from over-anticoagulation. 

Indications for oral anticoagulation: 

• lifelong in patients with mechanical heart valves (INR 2.5-4 depending on thrombogenicity of mechanical valve, site of valve, and presence of patent risk factors for 
thromboembolism) 

• for first 3 months in patients with bioprostheses (INR target 2.5) although aspirin 75-1 OOmg can be considered as alternative 

• lifelong in patients with bioprostheses with other conditions requiring anticoagulation, e.g. AF, LVEF <30%. 

Oral anticoagulation is usually initiated in the first few postoperative days and heparin is used as a bridge to attaining therapeutic INR. The first postoperative month represents 
the highest risk of valve thrombosis and INR should be regularly checked to avoid subtherapy. 

Type of valve and target INR 

Patient factors that predispose to thromboembolism are non-aortic position, concurrent LA enlargement, AF, previous thromboembolism or dense spontaneous echo contrast, 
LVEF <35%, and hypercoagulable state. 

Excessive anticoagulation 

INR >6 requires reversal of anticoagulation — in this case the patient requires admission to hospital to allow temporary withdrawal of the anticoagulant and close monitoring of the 
falling INR. If INR is >10 it is likely that fresh frozen plasma will be required. Mae active reversal is required with the use of vitamin K if spontaneous bleeding occurs. 

Interruption of anticoagulation 

Some mina surgical procedures do not require complete reversal of anticoagulation and if possible INR reduced to 2. If maja surgery is needed, pria admission is necessary 
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to switch the patient to IV unfractionated heparin. This should be stopped 6h prior to operation and recommenced 6-12h postoperatively. 

Prosthetic valve thrombosis 

This requires treatment and reversal of provoking factors. Thrombolytic agents should be infused for 24-72h with heparin and aspirin co-administered. If no response, a in the 
case of large or mobile thrombi, surgery is required. 

Further reading 

Hering D et al. (2001). Management of prosthetic valve thrombosis. Eur Heart J Suppl 3:Q22-6. 

Cardiomyopathy 

Disease of the heart muscle is referred to as cardiomyopathy. Broadly there are three main types oftunctional impairment in cardiomyopathy although often there is some 
overlap: 

• hypertrophic cardiomyopathy (HCM) 

• dilated cardiomyopathy (DCM) 

• restrictive cardiomyopathy. 

Hypertrophic cardiomyopathy 

HCM affects 1 in 500 people. It can occur at any age and is characterized by asymmetrical ventricular septal hypertrophy in the absence of an obvious cause far the 
hypertrophy. Many cases of HCM are familial, with autosomal dominant inheritance; 50% of cases are sporadic. HCM can cause clinical symptoms at all ages; dyspnoea 
(usually 2° to diastolic dysfunction), angina (due to increased myocardial oxygen demand and abnormal micrcrvasculature), palpitations (AF commonest associated 
arrhythmia), syncope, and sudden death. 

Management 

The priority in the management of HCM is prevention of sudden death. Otherwise, it is directed towards minimizing symptoms and reducing complications. The use of 
prophylactic drug therapy in asymptomatic or minimally symptomatic patients to prevent or delay disease progression remains unfounded. The majority of patients only require 
medical therapy, with 5-10% requiring surgical intervention. Approximately half of patients treated medically will experience symptomatic benefit. Medical therapy involves the 
use of (3-blockers, CCBs, and disopyramide. Infective endocarditis prophylaxis tends to be needed only for those with an outflow gradient. AF should be treated accordingly, as 
loss of the atrial contribution to ventricular filling leads to deterioration. 

• p-blockers : reduce myocardial oxygen demand and improve LV filling via their negative chronotropic effect. As such, they may alleviate angina, as well as dyspnoea and 
syncope. Patient responses to drugs are highly variable in terms of magnitude and duration of benefit, and the selection of medications has not achieved widespread 
standardization and has been dependent, in part, on the experiences of individual practitioners, investigators, and centres. 1 As there is little evidence suggesting that 13- 
blocking agents consistently reduce outflow obstruction under resting conditions, they are preferred for symptomatic patients with outflow gradients present only with exertion. 

• Calcium-channel blockers (up to 480mg verapamil daily sustained release): often utilized in symptomatic patients who are unresponsive to (3-blockers, or suffer from 
asthma. There is no evidence that the combined medical therapy of |3-blockers and CCBs is more advantageous than the use of either drug alone. The benefit of CCBs is 
thought to derive from their ability to address the hypercontractile systolic function while improving diastolic relaxation and filling of the LV. Caution is needed when 
administering these drugs, especially in those with high LV filling pressure, as their vasodilator property may exaggerate the LV outflow gradient, causing cardiac failure 
and sudden death. 

• Disopyramide: this class la antiarrhythmic drug is used as 2 nd -line therapy in patients with an outflow gradient who are non-responsive to either p-blockers a calcium- 
channel antagonists. Disopyramide may cause accelerated AV node conduction, thus leading to increased ventricular rate during AF; therefore, concomitant therapy with 
low-dose P-blockers is recommended to achieve normal resting heart rate. 1 

Cardiac glycosides may be utilized if there is AF, or if systolic dysfunction is present. The latter may also be an indication for diuretic therapy. In patients with a high risk of 
sudden cardiac death (those with non-sustained ventricular tachycardia on Holter monitoring or recurrent syncope), ICD therapy is indicated. For those with a lower risk, 
amiodarone is a suitable alternative. 

Other therapeutic options include DDD (dual chamber) pacing, alcohol septal ablation therapy, and resection of the hypertrophied myocardium. 'End stage’ or ‘dilated’ HCM 
requires treatment with ACEIs, diuretics, cardiac glycosides, p-blockers, or spironolactone, in a bid to reduce afterload. Eventually, cardiac transplantation may be needed. 

Dilated cardiomyopathy 

Myocardial damage can be caused by a variety of infective metabolic, cytotoxic inherited, and immunological mechanisms. As the cause is often neither kncwn nor reversible, 
treatment is symptomatic and largely as in standard treatment of HF, i.e. diuretics, ACE inhibition, p-blockade, aldosterone antagonism (spironolactone), and digoxin (see 
Chapter 1, [link]). If ACE inhibition is not tolerated, vasodilatation with hydralazine and nitrate therapy can be considered. 

As an autoimmune process has been implicated in the pathophysidogy of DCM, immunosuppressants have been used but results have been disappdnting. 

Supraventricular arrhythmias in DCM can be treated/prevented with use of class III agents such as amiodarone, but there is little evidence to support their use in suppression 
of ventricular arrhythmias, and ICD therapy or definitive surgical treatment (i.e. cardiac transplant) is often required. 

Restrictive cardiomyopathy 

See O Chapter 10, [link], 

Marfan syndrome 

Marfan syndrome is a congenital connective tissue disorder demonstrating autosomal dominant inheritance. It has a worldwide prevalence of 2-3 per 10,000 subjects. 
Diagnosis largely depends on identifying the cardinal manifestations in the eye, skeleton, and cardiovascular system. Other systems invdved include the integument, 
pulmonary, and central nervous systems. Cardiovascular disease (primarily aortic root dilatation and dissection) is the major cause of morbidity and mortality. 

Manifestations of Marfan syndrome in the cardiovascular system 

• Aortic root dilatation (aneurysm) 

PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). (c) Oxford University Press, 2013. All Rights Reserved. Under the terms 
of the licence agreement, an individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for personal use (for details see 
Privacy Policy) . Subscriber: OUP- Oxford Online %28Sales%26 Publicity%29; date: 15 April 2014 



Structural heart disease 



• Aortic dissection 

• AR 

• MVR 

• MR 

• Arrhythmia 

• Tricuspid valve prolapse 

Medical management 

Regular patient monitoring with echocardiography is required. Antibiotic prophylaxis tor infective endocarditis is generally recommended for medical procedures likely to cause 
significant bacteraemia. 

p-blocker therapy is the mainstay of medical treatment, p-blockers work by reducing aortic root expansion and therefore delay progression to aortic root dissection. The patient 
should be counselled regarding the requirement of long-term p-blocker therapy, avoiding exertion (because of ocular, cardiac, and skeletal involvement) and the risk of passing 
the condition to their children. 

Management in pregnancy 

Of importance: if the aortic root diameter is >4.2cm in the sinus of Valsalva at commencement of pregnancy, the risk of dissection is at least 10% during pregnancy. P-blocker 
therapy should be commenced, serial echocardiograms performed, and delivery by Caesarean section considered if the aortic root enlarges significantly during pregnancy. 

Reference 

1 Maron BJ et at. (2003). American College of Cardiology/European Society of Cardiology Clinical Expert Consensus Document on Hypertrophic Cardiomyopathy. Eur Heart J 
24:1965-91. 



Further reading 

Elliott P (2000). Diagnosis and management of dilated cardiomyopathy. Heart 84:106-12. 

Vahanian A et at:. Task Force on the Management of Valvular Heart Disease of the European Society of Cardiology (2007). Guidelines on the management of valvular heart 
disease. Eur Heart J 28:230-68. 
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Infective endocarditis [link] 

Treatment of endocarditis [link] 

Enterococcal endocarditis [link] 

Endocarditis caused by HACEK organisms [link] 

Fungal endocarditis [link] 

Culture-negative endocarditis [link] 

Antimicrobial prophylaxis [link] 

Pericarditis [link] 

Myocarditis [link] 

Infective endocarditis 

Infective endocarditis is an infection of the endocardium which usually involves the heart valves. In current clinical practice, endocarditis encompasses a heterogeneous 
collection of infections that may involve native cardiac tissues, prosthetic valves, pacing systems, and a variety of intracardiac implants. Endocarditis is mainly caused by 
bacteria, but fungi are occasionally implicated. 

Causes of endocarditis 

• Streptococcus species: oral streptococci, Strep, bovis, Strep, pneumoniae, P-haemdytic streptococci 

• Staphylococcus species: Staph, aureus, Staph, epidermidis 

• Enterococcus species: E. faecalis, E. faecium 

• HACEK organisms: Haemophilus, Actinobacillus, Cardiobacterium, Eikenella, and Kingella spp. 

• Other rare bacterial causes: Coxiella burnetii, Bartonella spp., Listeria spp., Corynebacterium spp., Brucella spp., Mycobacterium spp., Tropheryma spp., 
Pseudomonas spp., Enterobacteriaceae, Neisseria spp., Chlamydia spp., Mycoplasma spp. 

• Fungal endocarditis: Candida, Aspergillus 

In a proportion of cases, no organism is identified, so-called culture negative endocarditis. 

The risk of developing endocarditis is significantly higher in patients with structurally abnormal hearts. Conditions associated with increased risk include: 

• prosthetic heart valves 

• degenerative valve disease (with stenosis or regurgitation) 

• rheumatic valve disease 

• congenital heart disease, especially complex cyanotic congenital heart disease 

• previous history of endocarditis. 

Certain patient groups, such as haemodialysis patients or IV drug users, also have a higher risk of developing endocarditis. 

Diagnosis of endocarditis 

The clinical presentation of endocarditis is variable. Patients may present with an insidious onset of symptoms such as fever, weight loss, night sweats, and malaise. Patients 
with a more fulminant infection may present with congestive heart failure due to valve destruction. Other cardiac complications include arrhythmias and AV block due to 
abscess formation. In some cases, patients may present with extra-cardiac complications due to pulmonary and systemic embolization of infected material. 

Investigations far suspected endocarditis include: 
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• blood cultures (3 sets at different times) 

• echocardiogram (transthoracic ± transoesophageal) 

• ECG 

• urinalysis 

• blood tests: FBC, inflammatory markers 

• serology 

• valve culture ± molecular diagnostics (e.g. 16S rDNA gene polymerase chain reaction (PCR)). 

Criteria for diagnosis 

The modified Dukes’ classification is the most widely accepted system for diagnosis of infective endocarditis. It relies upon either pathological diagnosis (i.e. on autopsy or 
surgical samples) or clinical diagnosis. The clinical criteria are listed in Bax 6.1. 




Using the criteria in Box 6.1, suspected cases of endocarditis are classified as definite, possible, or rejected as follows: 

Definite endocarditis 

• 2 major clinical criteria 

• 1 major and three minor criteria 

• 5 minor criteria 

Possible endocarditis 

• 1 major and 1 or 2 minor criteria 

• 3 minor criteria 

Diagnosis of endocarditis rejected if. 

• clinical criteria for definite cr possible endocarditis are not met 

• a firm alternative diagnosis is made 

• there is resolution of clinical manifestations after <4 days of antimicrobial therapy. 

Treatment of endocarditis 

The mainstay of treatment for infective endocarditis is antimicrobial therapy. In a proportion of patients, valve surgery may be required in addition to antimicrobials. The 
indications for surgical intervention include: 

• severe heart failure secondary to acute valvular regurgitation 

• severe persisting infection despite adequate antimicrobial therapy 

• perivalvular extension of infection with complications such as abscess formation, development of abnormal communications, e.g. fistulas 

• treatment of endocarditis caused by organisms resistant to antimicrobial therapy, e.g. fungal endocarditis 

• surgery may be considered in patients with large vegetations and recurrent embolic events. 

Antimicrobial therapy for treatment of endocarditis is generally administered parenterally. This practice is largely determined by the poor oral bioavailability of the predominant 
agents used to treat endocarditis, such as benzylpenicillin and vancomycin, rather than clear evidence that IV therapy is superior. 'High-dose' regimens are usually 
recommended, again without a clear evidence base. When antimicrobial agents with good oral bioavailability are chosen and there are no other factors that would preclude oral 
therapy, there is no reason why oral agents cannot be used. 

Antimicrobial agents that kill bacteria rather than merely inhibit their growth are known as bactericidal agents. Those that inhibit growth without killing are known as bacteristatic 
agents. Traditional teaching requires the use of bactericidal agents in the treatment of endocarditis and there is clear evidence of treatment failure with bacteristatic agents such 
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as clindamycin. 

A related microbiological phenomenon is tolerance. Bacteria are said to be tolerant if the minimum amount of antibiotic that will kill them (minimum bactericidal concentration, 
MBC) is much greater than the minimum amount of antibiotic that will inhibit their growth (minimum inhibitory concentration, MIC). 

Prolonged antimicrobial therapy, often with high doses in patients with endocarditis, may be associated with a variety of adverse drug reactions. Examples of common adverse 
reactions include hypersensitivity reactions, Clostridium difficile infection associated with prolonged beta lactam therapy, and nephrotoxicity and ototoxicity associated with 
vancomycin and gentamicin therapy. The risk of adverse reactions is particularly high when combinations of potentially toxic drugs are used. In patients who develop adverse 
drug reactions, options include adjusting the dose of antimicrobial a, where appropriate, selecting an alternative antimicrobial. Where possible, laboratory measurement of drug 
levels may be used to monitor for toxicity and to guide dose adjustment. 

The following section outlines the AHA, 1 ESC, 2 and British Society of Antimicrobial Chemotherapy (BSAC) 3 guidelines for antimicrobial therapy for infective endocarditis. For 
the majority of types of endocarditis, the three working groups have produced similar treatment recommendations. There are, however, marked differences in some areas which 
have been highlighted. The differences between the guidelines exist mainly due to a lack of large RCTs to evaluate efficacy of different antimicrobials for treatment of 
endocarditis. 



Streptococcal endocarditis 

Oral streptococci (e.g. Strep, sanguinis, Strep, oralis) account for the majority of cases of streptococcal endocarditis. They are a common cause of native valve endocarditis in 
patients who do not have a history of IV drug abuse. Other less common causes of streptococcal endocarditis include Strep, bovis. Strep, pneumoniae, Strep, pyogenes, 
Lancefield group B, C, and G streptococci. 



Oral streptococci and Strep, bovis are usually highly penicillin sensitive. A small proportion have intermediate sensitivity and resistance is rare. Treatment is guided by the 
type of valve (i.e. native or prosthetic) and the organism sensitivity. The guidelines in this section are divided according to the MIC for the causative streptococcal species ai 
the valve type. 

The AHA, ESC, and BSAC guidelines for antimicrobial therapy for endocarditis caused by oral streptococci and Strep, bovis are very similar. All three working groups 
recommend therapy with beta lactams or, in patients with penicillin allergy, vancomycin. The main difference between the guidelines relates to whether concomitant use of 
gentamicin is recommended. There are also subtle differences in antimicrobial dosage, frequency, and duration which are detailed in Tables 6.1 and 6.2. 



Table 6.1a Summary of AHA, 1 ESC, 2 and BSAC 3 guidelines for treatment of nt 

Indication 



e valve endocarditis (NVE) caused by oral streptococci and Strep, bovis 



Benzylpenicillin 2 weeks 
gentamicin 



NVE: organism with reduced susceptibility to penicillin (MIC >0.12mg/L to SO .5 mg/L) 
ESC definition: MIC 0.125-2mg/L 



Penicillin/ceftriaxone allergic patients with NVE and organism with high penicillin sensitivity 



ceftriaxone 

benzylpenicillin* benzylpenicillin* 



ceftriaxone 

gentamicin 

Vancomycin 

Vancomycin 



amoxicillin 

gentamicin 

Vancomycin 

Vancomycin 

gentamicin 



Antibiotic dosage and frequency 

Benzylpenicillin AHA/ESC: 12-18 million units/24h, 4-6 divided doses (IV); BSAC: 1.2-2.4g every 4h (IV). 

Benzylpenicillin'' (high dose) AHA/ESC: 24 million units/24h, 4-6 divided doses (IV); BSAC: 14.4g/24h, 6 divided doses (IV). 
Ceftriaxone AHA/ESC: 2g/24h, single dose (IV). 

Gentamicin AHA/ESC: 3mg/kg/24h, single dose (IV); BSAC: 1 mg/kg, every 8-12h (IV). 

Vancomycin AHA/ESC: 30mg/kg every 24h, 2 divided doses (IV); BSAC: 1g every 12h (IV). 



benzylpenicillin 

ceftriaxone 

benzylpenicillin 

gentamicin 

Vancomycin 

Vancomycin 

gentamicin 
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Table 6.2 Summary of AHA, 1 ESC 2 and BSAC 3 guidelines for treatment of staphylococcal endocarditis 

Duration 

4-6 
weeks 
3-5 days 



4-6 

4-6 

3-5 days 



4-6 

weeks 

3- 5 days 

4- 6 
weeks 

>6 weeks 
>6 weeks 
2 weeks 



6-8 

weeks 

6-8 

weeks 



Vancomycin AHA/ESC: 30mg/kg every 24h, 2 divided doses (IV); BSAC: 1g every 12h (IV). 
Rifampicin AHA/ESC: 900mg/24h, 3 divided doses (IV/PO); BSAC: 300-600mg every 12h (PO). 
Sodium fusidate BSAC: 500mg every 8h (PO). 



Native valve endocarditis due to highly penicillin sensitive oral streptococci and Strep, bovis (MIC <0.12mg/L) 

The AHA, ESC and BSAC guidelines all recommend 4 weeks of monotherapy with either penicillin a ceftriaxone. For patients who are intolerant of penicillin, 4 weeks of 
vancomycin monotherapy is recommended. 

In selected patients who do not have intracardiac complications or extra-cardiac emboli, 2 weeks of either penicillin (or amoxicillin, ESC) or ceftriaxone in combination with 
gentamicin (or neticmicin, ESC) is considered adequate therapy by the AHA, ESC and BSAC. 

Native valve endocarditis due to oral streptococci and Strep, bovis with reduced suceptibility to penicillin (MIC >0.12mg/L to <0.5mg/L) 

The AHA, ESC, and BSAC guidelines recommend 4 weeks of high-dose penicillin in combination with gentamicin for the first 2 weeks (AHA recommend ceftriaxone as an 
alternative to penicillin while ESC recommend amoxicillin). In patients with a high risk of toxicity associated with gentamicin, e.g. patients with renal impairment, the BSAC 
guidelines recommend a trial of monotherapy with penicillin at a higher dose (adjusted for renal function). NB: ESC define the upper limit of resistance in this category as 2 
mg/L. 

In patients who are intolerant of penicillin, AHA recommend 4 weeks of vancomycin monotherapy. The ESC and BSAC guidelines recommend the addition of gentamicin to 
vancomycin for the first 2 weeks if there are no contraindications to aminoglycoside therapy. 

Prosthetic valve endocarditis (PVE) due to oral streptococci and trep. bovis 

The AHA and BSAC guidelines recommend 6 weeks of either penicillin or ceftriaxone with the addition of gentamicin tor the first 2 weeks in patients with PVE caused by highly 
sensitive oral streptococci and Strep, bovis. In patients with PVE caused by organisms with intermediate sensitivity, a full 6-week course of combination therapy with either 
penicillin or ceftriaxone and gentamicin is recommended. ESC recommends penicillin (or amoxicillin) or ceftriaxone monotherapy for 6 weeks for highly sensitive organisms. 
The addition of gentamicin for the first 2 weeks is recommended for organisms with intermediate sensitivity. 

In patients who are intolerant of penicillin, AHA recommend vancomycin monotherapy for 6 weeks (irrespective of organism sensitivity). ESC also recommend vancomycin 
monotherapy tor fully sensitive organisms. However, for organisms with intermediate sensitivity the addition of gentamicin fa the first 2 weeks is advised. The BSAC guidelines 
recommend vancomycin for 6 weeks in combination with gentamicin fa the first 2 weeks in patients with PVE caused by fully sensitive aganisms. Fa aganisms with 
intermediate sensitivity, a full 6 weeks of combination therapy with vancomycin and gentamicin is recommended. 
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Indication 

NVE: oxacillin/meticillin-susceptible Staphylococcus 



AHA 

Nafcillin/oxacillin 



(Flu)cloxacillin/oxacillin Flucloxacillin 



NVE: oxacillin/meticillin-resistant Staphylococcus 



gentamicin 

Vancomycin 

gentamicin 



Vancomycin 
gentamicin (optional) 



Vancomycin 

gentamicin 



PVE: oxacillin/meticillin susceptible Staphylococcus 



PVE: oxacillin/meticillin-resistant Staphylococcus 



Nafcimn/ oxacimn 
rifampicin 
gentamicin 
Vancomycin 



Antibiotic dosage and frequency 

Oxacillin AHA: 12g/24h, 4-6 divided doses (IV); KC: 8-12g/24h, 4 divided doses (IV). 
Flucloxacillin BSAC/ESC: 2g every 4-6h (IV). 

Gentamicin AHA/ESC: 3mg/kg/24h, single dose (IV); BSAC: 1 mg/kg, every 8-1 2h (IV). 



(Flu)claxacillin/axacillin Flucloxacillin 

rifampicin rifampicin/gente 

+ sodium fusidate 

gentamicin 

Vancomycin Vancomycin 

rifampicin 
gentamicin 
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Endocarditis due to penicillin-resistant oral streptococci and Strep, bovis 

The antibiotics for management of penicillin-resistant streptococci are the same as those used for management of enterococcal endocarditis. 

Table 6.1b Summary of AHA, 1 ESC, 2 and BSAC 3 guidelines for treatment of prosthetic valve endocarditis caused by oral streptococci and Strep, bovis 

Duration Comments 

6 weeks 
4-6 
weeks 
2 weeks 

6 weeks ESC recommend 2 

6 weeks weeks of gentamicin 

2-6 while AHA and 

weeks BSAC recommend 6 

weeks 

6 weeks 
2 weeks 



(ESC), 

6 weeks 
(BSAC) 

Antibiotic dosage and frequency 

Benzylpenicillin BSAC: 1.2-2.4g every 4h (IV). 

Benzylpenicillin * (high dose) AHA/ESC: 24 million units/24h, 4-6 divided doses (IV). 

Ceftriaxone AHA/ESC: 2g/24h, single dose (IV).' T 1 ' 

Gentamicin AHA/ESC: 3mg/kg/24h, single dose (IV); BSAC: 1 mg/kg, every 8-12h (IV). 

Vancomycin AHA/ESC: 30mg/kg every 24h, 2 divided doses (IV); BSAC: 1g every 12h (IV). 



gentamicin 

Benzylpenicillin* 

ceftriaxone 

gentamicin 



ceftriaxone 

Benzylpenicillin 

amaxicilli 

gentamicin 

Vancomycin 

gentamicin 



BSAC 

Benzylpenicillin 



Benzylpenicillin 

gentamicin 



Vancomycin 

gentamicin 



Staphylococcal endocarditis 

Causes of staphylococcal endocarditis include Staph, aureus and coagulase-negative staphylococci (CoNS) (e.g. Staph, epidermidis, Staph, lugdunensis). Staph, aureus is a 
common cause of both native and prosthetic valve endocarditis. CoNS are more frequently associated with PVE, especially within the 1 st year after valve-replacement surgery 
(early PVE). 

In patients who do not have a history of IV drug use, native valve endocarditis (NVE) caused by Staph, aureus typically affects the left side of the heart. IV drug users 
commonly present with right-sided (tricuspid valve) endocarditis. Left-sided NVE is associated with a more fulminant course and a higher mortality. PVE caused by either 
Staph, aureus or CoNS is also associated with a more severe infection. In addition to antimicrobial therapy, many patients with PVE require removal of the infected valve. 

Antimicrobial therapy for staphylococcal endocarditis depends on the sensitivity of the organism and the type of valve (prosthetic or native). The majority of staphylococci are 
penicillin resistant, and therefore, unless sensitivity is conclusively demonstrated, penicillin is not recommended for treatment of staphylococcal endocarditis. The main 
question when deciding upon antibiotic therapy is sensitivity to meticillin. The AHA, ESC, and BSAC guidelines all recommend penicillinase-resistant penicillin (AHA 
recommend nafcillin or oxacillin; ESC recommend oxacillin orflucloxacillin; BSAC recommends flucloxacillin) tor treatment of meticillin-sensitive staphylococci. Vancomycin is 
recommended tor meticillin-resistant strains and patients with hypersensitivity reactions to penicillin. 

In patients with PVE, the AHA, ESC, and BSAC recommend the use of combination antimicrobial therapy. The AHA and ESC guidelines recommend the addition of gentamicin 
and rifampicin to either a penicillinase-resistant penicillin or vancomycin. The BSAC recommend the addition of two agents ficm gentamicin, rifampicin and sodium fosidate. 
Combination therapy may also be used in specific circumstances for management of NVE (see following guidelines). 

For practical purposes, the guidelines in the fdlcwing section are divided into management of meticillin-sensitive Staph, aureus and CoNS and meticillin-resistant Staph, 
aureus and CoNS. However, in practice, most strains of CoNS, especially those causing PVE, are oxacimn/meticiiiin resistant. 

Staphylococcal endocarditis in the absence of prosthetic materials 
Meticillin-sensitive Staph. aureus/CoNS 

The AHA, ESC, and BSAC guidelines recommend 4 weeks of therapy with a penicillinase-resistant penicillin (nafcillin, oxacillin, or flucloxacillin). The AHA guidelines 
recommend more prolonged therapy (6 weeks) in the presence of complications associated with endocarditis. If there are no contraindications to aminoglycoside therapy, the 
AHA and ESC guidelines also recommend the addition of gentamicin for the first 3-5 days of treatment. 

In patients with hypersensitivity-type reactions to penicillin, 6 weeks of vancomycin monotherapy is recommended by the AHA. In patients with a suboptimal response to 
vancomycin, the guidelines go further to recommend desensitization to penicillin. In patients with a non- anaphylactoid reaction, therapy with cefazolin and gentamicin may be 
tried. The BSAC and ESC guidelines recommend addition of a 2 nd antimicrobial to vancomycin in penicillin-allergic patients. ESC recommend addition of gentamicin while 
options fora 2 nd antimicrobial from BSAC include gentamicin, ritampicin or sodium fosidate. 

In IV drug users who have uncomplicated right-sided endocarditis, an abbreviated course of 2 weeks of therapy with penicillinase-resistant penicillin (with or without 
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Infective and inflammatory cardiac conditions 

gentamicin) is recommended by AHA. A shorter course of therapy is, however, not recommended for patients on vancomycin therapy. 

Meticillin-resistant Staph. aureus/CoNS 

The AHA and ESC guidelines recommend 4-6 weeks of vancomycin therapy with the addition of gentamicin for the first 3-5 days only if the organism is sensitive to 
aminoglycosides. BSAC recommend at least 4 weeks of vancomycin in combination with either rifampicin, sodium fusidate, or gentamicin for the duration of therapy. 

The options for treatment of patients with meticillin-resistant strains who are intolerant to vancomycin are limited. Consultation with an experienced microbiologist is 
recommended 

Staphylococcal endocarditis patients with prosthetic valves 
Meticillin-sensitive Staph. aureus/CoNS 

The AHA and ESC guidelines recommend a minimum of 6 weeks of combination therapy with penicillinase-resistant penicillin (axacillin/nafcillin) and rifampicin, with the 
addition of gentamicin for the first 2 weeks. BSAC recommend 6 weeks of penicillinase-resislant penicillin (flucloxacillin) in combination with either rifampicin, sodium fusidate, 
or gentamicin for the duration of therapy. Rifampicin is the preferred adjunct to flucloxacillin. 

The guidelines for management of patients with penicillin allergy are the same as those for patients with PVE due to meticillin-resistant strains, which are outlined next. 

Meticillin-resistant Staph. aureus/CoNS 

Early PVE is frequently caused by CoNS that tend to be meticillin resistant. Therefore early PVE is only treated with penicillinase-resistant penicillin if susceptibility has been 
conclusively proven. A significant proportion of CoNS are also resistant to gentamicin. 

The AHA and ESC guidelines recommend 6 weeks of combination therapy with vancomycin and rifampicin, with the addition of gentamicin for the first 2 weeks. The BSAC 
guidelines recommend 6 weeks of vancomycin therapy in combination with either rifampicin, sodium fusidate, a gentamicin fa the duration of therapy. Rifampicin is the 
preferred alternative. 
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Enterococcal endocarditis 

Causes of enterococcal endocarditis include Enterococcus faecalis and Enterococcus faecium. Enterococcus faecalis is responsible fa the majority of cases (approx 90%). 
The management of enterococcal endocarditis is challenging, as enterococcal species are typically resistant to a range of antibiotics. Increased resistance necessitates the 
use of combination antibiotic therapy. The recommendations for treatment of enterococcal endocarditis depend on the sensitivity of the isolate to penicillin, gentamicin, and 
vancomycin. The guidelines in the following section are divided accadingly. 

There is general agreement between the AHA, ESC, and BSAC guidelines regarding management of endocarditis caused by enterococcal species that are sensitive to the 
aforementioned antibiotics. 1-3 However, there are significant differences in guidelines for management of resistant enterococci. Indeed, the ESC and BSAC have not produced 
guidelines for management of endocarditis caused by enterococci that are resistant to penicillin, gentamicin, and vancomycin. Liaison with an experienced microbiologist is 
recommended. While AHA has produced guidelines for treatment of multiresistant enterococci, the evidence to support the recommendations is limited. The guidelines are 
discussed in detail in this section and summarized in Table 6.3. 
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Infective and inflammatory cardiac conditions 



Table 6.3 Summary of AHA, 1 ESC, 2 and BSAC 3 guidelines for management of enteracoccal endocarditis 



Indication 

NVE and PVE: Enterococcus susceptible to penicillin, gentamicin, and vancomycin 



AHA 

Benzylpenicillin 

ampicmin 



ESC 

Benzylpenicillin 

ampicillin 



BSAC 

Benzylpenicillin 

ampicillin 

gentamicin 



Penicillin-allergic patients 

NVE and PVE: Enterococcus susceptible to penicillin, streptomycin, and vancomycin 
and resistant to gentamicin 

id susceptible to aminoglycoside 



Vancomycin 

gentamicin 

Ampicillin 

benzylpenicillin 

streptomycin 

Vancomycin 

streptomycin 

Ampicillin- 

sulbactam 

vancomycin 

gentamicin 

Linezolid 



Vancomycin 

gentamicin 

Ampicillin 

benzylpenicillin 

streptomycin 

Vancomycin 

streptomycin 

Ampicillin- 

sulbactam 

vancomycin 

gentamicin 

Linezolid 



gentamicin 

Ampicillin 

benzylpenicillin 

streptomycin 

Vancomycin or 
teicoplanin 
+ streptomycin 

Teicoplanin 

vancomycin 

gentamicin 



PVE and NVE: Entero-coccus faecalis resistant to penicillin, aminogly-coside ar 
vancomycin 



ceftriaxone 

ampicmin 



ceftriaxone 

ampicillin 



Antibiotic dosage and frequency 

Benzylpenicillin AHA: 1 8— 30million units/24h, 6 divided doses (IV); ESC: 16-20million units/24h, 4-6 divided doses (IV); BSAC: 2.4g every 4h (IV). 
Ampicillin AHA: 12g/24h, 6 divided doses (IV), BSAC: 2g every 4h (IV). 

Ampicillin-sulbactam AHA: 12g/24h, 4 divided doses (iV). 

Gentamicin AHA: 3mg/kg/24h, 3 divided doses (IV); ESC: 3mg/kg/24h,2 divided doses (IV). BSAC: Img/kg, every 8-12h (IV). 

Vancomycin AHA/ESC: 30mg/kg every 24h, 2 divided doses (IV); BSAC: 1g every 12h (IV). 

Teicoplanin BSAC: lOmg/kg every 24h (IV). 

Streptomycin AHA/BSAC: 15mg/kg/24h, 2 divided doses (IV). 

Ceftriaxone AHA: 2g/24h, single dose (IV). 

Linezolid AHA/ESC: 1 .2g/24h, 2 divided doses (1V/PO). | 

Quinupristin-dalfopristin AHA/ESC: 22.5mg/kg/24h, 3 divided doses (IV). 

Imipenem/cilastatin 2g/24h, 4 divided doses (IV). 



Enterococcus susceptible to penicillin, gentamicin, and vancomycin 

p-lactams and aminoglycosides act synergistically to kill enterococci. Ttie AHA and ESC guidelines recommend combination therapy with either penicillin or ampicillin with 
gentamicin or streptomycin. Gentamicin is generally preferred over streptomycin if the isolate is susceptible to both, as assays to measure gentamicin levels are more readily 
available in most laboratories. BSAC recommends either penicillin a ampicillin with gentamicin as the only option fcr aminoglycoside therapy. 

Four weeks of antimicrobial therapy is recommended tor NVE. In patients with PVE, a minimum of 6 weeks of therapy is recommended. The AHA and ESC guidelines also 



PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). (c) Oxford University Press, 2013. All Rights Reserved. Under the terms 
of the licence agreement, an individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for personal use (for details see 
Privacy Policy) . Subscriber: OUP- Oxford Online %28Sales%26 Publicity%29; date: 15 April 2014 



Infective and inflammatory cardiac conditions 

recommend 6 weeks of therapy in patients with symptoms persisting for >3 months. 

For penicillin-allergic patients, AHA and ESC recommend vancomycin and gentamicin for 6 weeks irrespective of the type of valve. BSAC recommend either vancomycin a 
teicoplanin in combination with gentamicin for a minimum of 4 weeks. 

Enterococcus susceptible to penicillin, streptomycin, and vancomycin and resistant to gentamicin 

Enterococci with high-level resistance to gentamicin may be sensitive to streptomycin. The AHA, ESC and BSAC guidelines recommend streptomycin as an alternative to 
gentamicin if the isolate is streptomycin sensitive. Four weeks of therapy with either penicillin or ampicillin in combination with streptomycin is recommended for NVE and 6 
weeks for PVE. AHA also recommend 6 weeks' therapy for patients with symptoms persisting for >3 months 

Practical notes 

If the isolate is streptomycin resistant or streptomycin is considered inappropriate, BSAC recommend continuing ampicillin or penicillin for a minimum of 8 weeks. 

For patients who are intolerant to penicillin, AHA and ESC guidelines recommend 6 weeks of combination therapy with vancomycin and streptomycin for NVE and PVE. BSAC 
recommend either vancomycin or teicoplanin in combination with streptomycin for 4 weeks for NVE and 6 weeks for PVE. 

Enterococcus resistant to penicillin and susceptible to aminoglycoside and vancomycin 

The AHA and ESC guidelines recommend 6 weeks of combination therapy with vancomycin and gentamicin in patients with intrinsic penicillin resistance. However, for p- 
lactamase-p reducing strains, AHA and ESC recommend 6 weeks of ampicillin-sulbactam or amoxicillin clavulanic acid as an alternative to vancomycin. The BSAC guidelines 
recommend either vancomycin or teicoplanin in combination with gentamicin for a minimum of 4 weeks. 

Enterococcus resistant to penicillin, aminoglycoside, and vancomycin 

Vancomycin-resistant enterococci are often resistant to multiple drugs and therefore options for antimicrobial therapy are limited. BSAC recommend consultation with 
experienced microbiologists and infectious disease specialists. 

The AHA and ESC guidelines recommend a minimum of 8 weeks of linezolid or quinupristin-dalfopristin for treatment of multiresistant E. faecium. Combination therapy with 
either imipenem or ceftriaxone with ampicillin is recommended for E. faecalis. The evidence for antimicrobial treatment of vancomycin-resistant strains is limited to small 
numbers of patients. If antimicrobial therapy fails, valve replacement should be considered early. 
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Endocarditis caused by HACEK organisms 

HACEK aganisms ( Haemophilus , Actinobacillus, Cardiobacterium, Eikenella, and Kingella species) are a group of Gram-negative bacilli that account tor 5-10% of all cases 
of infective endocarditis. Prolonged incubation maybe required to detect growth of HACEK organisms and therefore identification of the causative organism and 
information regarding antibiotic sensitivity is delayed. As a consequence, endocarditis caused by HACEK organisms can be wrongly labelled ‘culture negative’ 
during the prolonged culture period. 

The guidelines from ESC 1 and BSAC 2 fa management of endocarditis caused by HACEK aganisms are similar. Fa patients with NVE, 4 weeks of therapy with either 
ampicillin a ceftriaxone in combination with gentamicin fa the first 2 weeks is recommended. In patients with PVE, ampicillin, a ceftriaxone therapy is extended to 6 weeks. 
Ceftriaxone is recommended fa treatment of ampicillin-resistant strains (p-lactamase-producing strains) and for empirical therapy when antibiotic sensitivity of the aganism is 

Due to the emergence of ampicillin-resistant strains and difficulty in performing antibiotic susceptibility testing, the AHA 3 do not recommend use of ampicillin for treatment of 
endocarditis caused by HACEK aganisms. Monotherapy with either ampicillin-sulbactam a ceftriaxone is recommended for 4 weeks in NVE and 6 weeks in PVE. 
Concomitant use of gentamicin is not recommended. 

Guidelines for antimicrobial therapy fa HACEK aganisms are summarized in Table 6.4. 
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Table 6.4 Summary of AHA, 3 ESC, 1 and BSAC 2 guidelines tor management of endocarditis caused by HACEK organisms 


Indication AHA 


ESC 


BSAC 


Duration 


PVE a NVE caused by HACEK aganisms Ampicillin-sulbactam 


Ampicillin 


Ampicillin 


4 weeks 


Or 


or 


a 


4 weeks 


ceftriaxone 


ceftriaxone 


ceftriaxone 


2 weeks 




gentamicin 


gentamicin 





Antibiotic dosage and frequency 

Ampicillin-sulbactam AHA: 12g/24h, 4 divided doses (IV). | 

Ampicillin ESC: 12g/24h, 4 divided doses (IV); BSAC: 2g every 4h (IV). 

Ceftriaxone AHA/ESC/BSAC: 2g/24h, single dose (IV). 

Gentamicin ESC: 3mg/kg/24h, 3 divided doses (IV); BSAC: Img/kg, every 8h (IV). 
Ciprofloxacillin AHA: 1g or 800mg/24h, 2 divided doses (IV). 
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Fungal endocarditis 

Fungi are an unusual cause of endocarditis. Fungal endocarditis is more common in patients with prosthetic valves, patients with a history of IV drug use, and 
immunocompromised patients. Candida spp. and Aspergillus spp. account fa the majaity of oases of fongal endocarditis. 

Mortality rates associated with fungal endocarditis are high. Antimicrobial therapy alone is rarely effective and most patients require valve-replacement surgery. Valve 
replacement is considered by many to be mandatory in patients with PVE caused by fungi. 

The guidelines fa antimicrobial therapy tor fungal endocarditis are limited due to a lack of trial evidence. AHA and ESC have not produced specific guidelines. BSAC 2 have 
produced more comprehensive guidelines. Fa patients with fongal endocarditis caused by Candida species, BSAC recommend amphotericin B in combination with 
flucytosine a fluconazole a caspofongin. Options tor endocarditis caused by Aspergillus spp. include amphotericin B and vaiconazde. A minimum of 6 weeks of therapy is 
recommended. 



The guidelines fa management of fongal endocarditis are summarized in Table 6.5. 



Table 6.5 Summary of guidelines fa management of fongal endocarditis 

Indication AHA ESC 

Fungal endocarditis caused by Candida spp. 



Fungal endocarditis caused by Aspergillus spp. 



BSAC 

Ampho-tericin B 

flucytosine 

fluconazde 

caspofongin 

Ampho-tericin B 

vaiconazde 



Duration 

>6 weeks 
>6 weeks 
>6 weeks 
>6 weeks 



>6 weeks 
>6 weeks 



Antibiotic dosage and frequency 



Amphotericin B BSAC: 1mg/kg/24h — adjust to renal function. 



Flucytosine BSAC: 100mg/kg/24h, 4 divided doses (IV). 



Fluconazole BSAC: 400mg every 12h (PO). 

Caspofungin BSAC: 70mg loading dose fdlowed by 50mg/24h. 

Voriconazole BSAC: 6mg/kg 12-houriy (loading tor 2 doses) followed by 4mg/kg or 400mg 12-houriy tor 24h fdlowed by 200mg 12-houriy (PO). 
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Culture-negative endocarditis 

Culture-negative endocarditis (CNE) is defined as endocarditis with three negative cultures using standard blood culture systems. The most common cause of CNE is previous 
antimicrobial therapy. Less commonly, CNE may be due to infection with fastidious bacteria which do not grow easily under standard blood culture conditions, e.g. Bartonella 
spp., Chlamydia spp., Coxiella burnetii, Brucella spp., Legionella spp., Tropheryma whippleii, and non -Candida fungi. 

The choice of antimicrobial for treatment of CNE depends on the type of valve affected (native or prosthetic) and the likely underlying organism. Fa patients who present with 
acute NVE, antimicrobial therapy is directed against Staph, aureus. Fa patients who present with a mae indolent course, antimicrobial therapy to cover viridans group 
streptococci and enterococci is recommended. In cases of culture-negative PVE, especially early PVE, empirical therapy should cover meticillin-resistant staphylococci. The 
duration of antibiotic treatment fa CNE is 4-6 weeks depending on response to treatment. 

In oases of CNE that are suspected to be due to fastidious aganisms which do not grow easily under standard blood culture conditions, e.g. Bartonella spp., Chlamydia spp., 
Coxiella burnetii, Brucella spp., Legionella spp., Tropheryma whippleii, and non-Candida tungi, the management strategy should be decided after consultation with an 
experienced microbiologist a infectious disease specialist. 

Empirical antimicrobial therapy may also be considered in acutely unwell patients with suspected endocarditis before the results fa blood cultures are available. Examples of 
conditions in which acute empirical therapy is indicated include patients with heart failure due to valvular dysfunction, patients with severe sepsis/septic shock, and patients 
with cardiovascular instability. The guidelines for antimicrobial therapy in such patients are the same as those fa patients with CNE who present acutely. 

The following section outlines the AHA, 1 ESC, 2 and BSAC 3 guidelines for empirical antimicrobial therapy for suspected endocarditis. The guidelines are summarized in Table 
6.6. 
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Table 6.6 Summary of guidelines for treatment of culture-negative endocarditis 

Indication AHA ESC 



NVE(acute presentation) 



NVE(subacute presentation) 



NVE(penicillin-allergic patients) 



Prosthetic valve infection 
(eariy) 



Prosthetic valve infection (late) 



Nafcillin/cxacillin 
gentamicin (optional) 
Ampicillin-sulbactam 
gentamicin 



Vancomycin 

ciprofloxacin 

gentamicin 

Vancomycin 

rifampicin 

gentamicin 

cefepime 

Ampicillin-sulbactam 

vancomycin 

gentamicin 

rifampcin 



Ampicillin-sulbactam 
or amcxicillin-clavulanate + 
gentamicin 

Ampicillin-sulbactam 

amcxicillin-clavulanate 

gentamicin 

Vancomycin 

ciprofloxacin 

gentamicin 

Vancomycin 

rifampicin 

gentamicin 

Ampicillin-sulbactam 

amcxicillin-clavulanate 

gentamicin 



BSAC 

Flucloxacillin 

gentamicin 

Penicillin 

ampicimn 

gentamicin 

Vancomycin 

ritampicin 

gentamicin 

Vancomycin 

ritampicin 

gentamicin 

Vancomycin 

ritampicin 

gentamicin 



Antibiotic dosage and frequency 

Ampicillin AHA/ESC: 12g/24h, 4 divided doses (IV); BSAC: 2g every 6h (IV). 

Flucloxacillin BSAC: 8-12g/24h, 4-6 divided doses (IV). 

Penicillin BSAC: 7.2g/24h, 6 divided doses (IVi 

Vancomycin AHA/ESC: 30mg/kg every 24h, 2 divided doses (IV); BSAC: 1g every 12h (IV). 

Cefepime AHA: 6g/24h, 3 divided doses (IV). 

Gentamicin AHA/ESC/BSAC: 3mg/kg/24h, 3 divided doses (IV);. 

Rifampicin AHA: 900mg/24h, 3 divided doses (PO/IV); ESC: 1200 mg/day in 2 divided doses (PO); BSAC: 300-600mg 12-houriy (PO). 



Ciprofloxacin AHA: 1g/24h or 800mg/24h, 2 divided doses (IV); ESC: lOOOmg/day in 2 divided doses (PO) or 800mg/day in 2 divided doses (IV). 
Amoxicillin clavulanic acid ESC: 12g/day (IV) in 4 divided doses. 



Empirical therapy for native valve endocarditis 

For patients with NVE who present acutely, the AHA and BSAC guidelines recommend penicillinase-resistant penicillin (nafcillin, oxacillin, or flucloxacillin) in combination with 
gentamicin. In cases where patients present with a more indolent course, the AHA guidelines recommend combination therapy with ampicillin-sulbactam and gentamicin. 
BSAC recommend either penicillin or ampicillin in combination with gentamicin. ESC recommend ampicillin-sulbactam or amoxicillin clavulanic acid in combination with 
gentamicin tor acute a indolent NVE. 

In patients with penicillin allergy, the guidelines are the same irrespective of whether clinical presentation is acute or indolent. The AHA and ESC guidelines recommend 
combination therapy with vancomycin, ciprofloxacin, and gentamicin. The BSAC guidelines recommend vancomycin, ritampicin, and gentamicin. 

Empirical therapy for prosthetic valve endocarditis 

For patients with PVE within 1 year of valve-replacement surgery, the AHA and ESC guidelines recommend combination therapy with vancomycin, rifampicin, and gentamicin. 
If the infection occurs within 2 months of valve replacement, AHA recommend the addition of cefepime to cover Gram-negative bacilli. Fa patents with late PVE, AHA 
recommend combination therapy with vancomycin, rifampicin, and gentamicin while ESC recommendations are the same as those fa NVE (outlined above). 

The BSAC guidelines recommend vancomycin, ritampicin, and gentamicin, irrespective of the tming of endocardifls relative to valve surgery. 
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Antimicrobial prophylaxis 

Traditionally, the AHA, ESC, and BSAC guidelines have advocated the use of prophylactic antibiotics fa patients with valvular heart disease undergoing dental procedures 
and procedures involving instrumentation of the genitourinary (GU) and gastrointestinal (Gl) tracts. However, owing to a lack of evidence to support efficacy and cost- 
effectiveness of prophylactic antibiotics for prevention of endocarditis and potential adverse effects associated with routine antibiotic prophylaxis, the guidelines have undergone 
a radical revision. The issue of antibiotic prophylaxis for infective endocarditis has generated considerable controversy and confusion in recent years. The following section 
provides a summary of the latest guidelines. 

In contrast to previous guidelines, the updated AHA guidelines 1 have restricted the use of prophylactic antibiotics to high-risk patients undergoing high-risk procedures. 
Prophylactic antibiotics are now only recommended for dental procedures involving manipulation of the gingival a peri-apical region of teeth a perforation of the aal mucosa in 
patients with conditions associated with the highest risk of adverse outcome from endocarditis. High-risk conditions include: 



• prosthetic cardiac valves 

• previous infective endocarditis 

• certain types of congenital heart disease 

• cardiac transplantation with valvulopathy. 

Fa the majority of routine dental procedures, the emphasis of the AHA guidelines has shifted away from antibiotic prophylaxis towards maintenance of good dental and aal 
health. Similariy, fa patients undergoing Gl a GU tract procedures, antibiotic prophylaxis solely to prevent endocarditis is not recommended. Overall, based on the updated 
guidelines, far fewer patients will receive antibiotic prophylaxis. 

Fa high-risk cases where antibiotic prophylaxis is indicated, the AHA guidelines recommend oral amoxicillin as first line. Alternatives in patients with non-anaphylactoid 
reactions to penicillin include l^-generation cephalosporins, clindamycin, azithromycin, a clarithromycin. ^generation cephalospains are not recommended in patients with 
anaphylactoid reactions to penicillin due to the potential fa cross-reactions. IV preparations of antibiotics may be used in patients who are unable to tolerate aal preparations. 
Antibiotic doses are provided in Table 6.7. 



Table 6.7 Summary of AHA guidelines fa antimicrobial prophylaxis for infective endocarditis 

Source Antimicrobial Dose (single Comments 

AHA Amoxicillin 2g (PO) Standard treatment: 

• patients with no penicillin allergy 

• able to swallow 



1g (IM/IV) 

1g (IM/IV) 

2g (PO) 
600mg (PO) 
500mg (PO) 



clindamycin 

azithromycin/clarithromycin 



Recommended fa patients with allergy to penicillin/ampicillin 

Note: cephalospains should not be used in patients with anaphylaxis/angio-oedema/urticaria di 
penicillin/ampicillin use 



Cefazdin 

ceftriaxone 

clindamycin 



1g (IM/IV) Recommended fa patients with allergy to penicillin/ampicillin 

1g (IM/IV) Patients unable to take aal antimicrobials 

600mg (IV) Note: cephalospains should not be used in patients with anaphylaxis/angio-oedema/urticaria dr 

penicillin/ampicillin use 



In 2008, NICE 2 ' 3 in the UK went one step further and recommended that, irrespective of risk, patients with valvular heart disease undergdng interventional procedures should 
no longer receive antibiotic prophylaxis against endocarditis. The only exception to this recommendation is at-risk patients undergdng Gl and GU procedures who have active 
infection at the site of the procedure. Such patients should still receive antibiotics to cover aganisms that cause endocarditis. 

The BSAC guidelines fa antibiotic prophylaxis have been revised on two occasions in recent years. The 2006 guideline update advised restricting the use of prophylactic 
antibiotics to patients with the highest risk of endocarditis, i.e. patients with a pria history of endocarditis, prosthetic cardiac valves, and surgically constructed pulmonary a 
system shunts/conduits. However, in response to the aforementioned NICE recommendations, the BSAC guidelines 4 were revised tor a second time. In line with NICE, the 
latest BSAC guidelines 3 recommend a nil prophylaxis strategy. 



:t, gastrointestinal, urological a 



id soft tissue procedures but continue to recommend 
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1 Nishimura RA et al. (2008). ACC/AHA 2008 Guideline update on valvular heart disease: focused update on infective endocarditis: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines endorsed by the Society of Cardiovascular Anesthesiologists, Society for Cardiovascular 
Angiography and Interventions, and Society of Thoracic Surgeons. J Am Coll Cardiol 52:676-85. 

2 NICE (2008). Prophylaxis against infective endocarditis. Antimicrobial prophylaxis against infective endocarditis. London:NICE. 

3 Watkin RW et al. (2008). New guidance from NICE regarding antibiotic prophylaxis for infective endocarditis - response by the BSAC waking party. J Antimicrob 
Chemother 62:1477-8. 

4 Habib G et al. (2009). Guidelines on the prevention, diagnosis, and treatment of infective endocarditis (new version 2009): The Task Face on the Prevention, Diagnosis, 
and Treatment of Infective Endocarditis of the European Society of Cardiology (ESC). Eur Heart J 25: 267-76. 

Pericarditis 

Pericarditis is defined as an inflammation of the pericardium. In the majority of cases, pericarditis is an acute, self-limiting condition. Chronic a relapsing forms of pericarditis 
are less common. In a small proportion of cases, pericarditis is associated with complications such as pericardial effusion, pericardial tamponade, and constrictive pericarditis. 

Causes of pericarditis 



• Viral infection: coxsackievirus, echo viruses, adenoviruses, mumps virus 

• Bacterial infection: Mycobacterium tuberculosis. Staphylococcus aureus, Streptococcus pneumoniae, Neisseria meningitidis, Salmonella species 

• Connective tissue diseases: rheumatoid arthritis, SLE, sarcoidosis 

• Radiation 

• Inflammation following myocardial infarction: Dressler’s syndrome 

• Drugs: hydralazine, procainamide, penicillin, isoniazid, phenytoin, ciclosporin, tetracyclines, doxorubicin, cyclophosphamide, methyldopa, mesalazine, reserpine, 
dantrolene, minoxidil 

• Cardiac surgery: post-pericardiotomy syndrome 

• Primary and metastatic neoplasms 

In a proportion of cases, no cause is found, i.e. idiopathic pericarditis. The majority of cases of pericarditis are either idiopathic a due to viral infection. 

Chest pain is the most common symptom associated with pericarditis. The pain is typically exacerbated by lying flat and deep inspiration. Physical examination may reveal a 
low-grade pyrexia and a pericardial friction rub. The presence of a significant pericardial effusion causing tamponade may be associated with hypotension, tachycardia, and 
pulsus paradoxus. 

Management of pericarditis 

Trie management of pericarditis depends on the pattern of disease, the underlying cause, and the presence a absence of complications. Tbe following section outlines the 
ESC guidelines 1 fa treatment of pericarditis. 

Acute uncomplicated pericarditis 

Most cases of pericarditis, particularly idiopathic and viral pericarditis, are uncomplicated and are associated with self-limiting symptoms. Trie only treatment required in such 
cases is NSAIDs (Table 6.8). 

Table 6.8 NSAIDs 



Drug Comments 



Ibuprofen 



Indication: acute pericarditis (class I indication/level of evidence B) 
Dose: 300-600mg every 8h (PO) 

Duration >4 weeks 
Few adverse side effects 



Indometacin 



Indication: acute pericarditis (class I indication/level of evidence B) 
Dose: 400-800mg every 4-8h (PO) 

Duration > 4weeks 

Reduces coronary blood flow — avoid in elderly patients and patients 



ischaemic heart disease 



Colchicine 



May be used as initial treatment for acute pericarditis (in combination with NSAIDs a as monotherapy in patients intolerant to NSAIDs) — class lla 
rnaication/level of evidence B 
Dose: 0.5mg every 12h (PO) 

Duration >4 weeks 

Well tolerated — fewer side effects than NSAIDs 



Relapsing pericarditis 

Medical management options fa relapsing pericarditis are outlined in Table 6.9. Fa patients with severe symptomatic recurrences that are refractory to medical therapy, 
pericardectomy should be considered. 
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Table 6.9 Treatment of relapsing pericarditis 

Drug Comments 

Colchicine Effective as prophylactic therapy to prevent recunent episodes of pericarditis — class I indication/level of evidence B 
Dose: 2mg/day tor 1-2 days followed by Img/day 

Steroids Use of corticosteroids reserved tor: 

• severe pericarditis which does not respond to initial therapy 

• recunent pericarditis with frequent relapses which does not respond to Inline therapy 

• pericarditis due to underlying conditions which respond to steroid therapy, e.g. autoimmune inflammatory conditions 
Corticosteroids have been reported to exacerbate pericarditis in certain circumstances — therefore not recommended as initial therapy 



Treatment of the underlying cause of pericarditis 

Treatment directed at the underlying cause of pericarditis is indicated in the following situations: 

• pericarditis due to bacterial infection: 

• without appropriate antibiotic therapy, purulent bacterial pericarditis is usually fatal 

• empirical antibiotic therapy may be commenced pending culture results. The choice of antibiotic is then tailored based on the sensitivity of the causative organism 

• pericardial drainage is necessary for purulent pericarditis 

• tuberculous pericarditis: 

• in the absence of anti-tuberculous chemotherapy, tuberculous pericarditis is associated with a high mortality 

• steroids may be considered as an adjunct to antituberculous therapy (level of evidence A/class lib indication) 

• uraemic pericarditis: 

• most patients with uraemic pericarditis respond to renal replacement therapy 

• additional systemic or intrapericardial corticosteroids therapy may be effective 

• NSAIDs and corticosteroids are unlikely to be effective in patients with pericarditis which persists despite dialysis 

• pericarditis due to autoimmune inflammatory conditions: 

• treatment with steroids and other immunomodulating drugs may be effective. 

Management of complications associated with pericarditis 

• In patients with a significant pericardial effusion complicated by pericardial tamponade, urgent pericardiocentesis is essential. Patients with recurrent pericardial effusions 
may require a subxiphoid pericardiotomy. 

• Patients with constrictive pericarditis may require a pericardiectomy. 

Reference 

1 Maisch B et at. (2004). Guidelines on the diagnosis and management of pericardial diseases executive summary; The Task Force on the Diagnosis and Management of 
Pericardial Diseases of the European Society of Cardiology. Eur Heart J 25:587-610. 

Myocarditis 

Myocarditis is defined as inflammation of the myocardium. The clinical manifestations of myocarditis vary from a mild, self-limiting disease to severe inflammation, irreversible 
myocyte necrosis, and development of a dilated cardiomyopathy. 

Causes of myocarditis 

• Viral infection: coxsackie B, HIV, echovirus, Epstein-Ban virus, rubella, varicella 

• Bacterial infections: Staphylococcus aureus, diphtheria, Lyme disease, Chagas disease 

• Autoimmune inflammatory conditions: Churg-Strauss syndrome, Wegener's granulomatosis, SLE 

• Rejection in heart transplant patients 

• Drugs: acetazdamide, amitriptyline, cefeclor, clozapine, cdchicine, doxorubicin, furosemide, isoniazid, lidocaine, methyldopa, penicillin, phenytoin, reserpine, 
streptomycin, tetracycline, thiazides 

In a proportion of cases, no cause is identified, i.e. idiopathic myocarditis. 

The clinical presentation of myocarditis is variable. Patients with mild disease may be asymptomatic or may present with non-specific symptoms such as fever and myalgia. 
Patients with more severe myocarditis may present with fulminant HF due to acute LV dysfunction. Arrhythmias are commonly associated with severe myocarditis and may be 
the cause of sudden cardiac death. 

Management of myocarditis 

Treatment of myocarditis is largely supportive. In patients with significant impairment of LV function and congestive HF, treatment with ACEIs, p-blockers, and diuretics is 
indicated (see Q] Chapter 1, [link]). 
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Antiarrhythmic drug therapy should be used with caution in patients with severe myocarditis due to their negative inotropic effect (see Q] Chapter 4, [link]) 

In patients with severe LV dysfunction, inotropic support and mechanical ventricular assist devices may be necessary. In a proportion of such cases, cardiac transplantation 
is the only treatment option. 

Immunosuppression is not routinely used in the treatment of myocarditis. A subset of patients in whom immunosuppression may be effective are patients with 
myocarditis due to systemic inflammatory conditions. 
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Cardiac disease in pregnancy 

Cardiac disease is the leading cause of mortality in pregnancy, although overall only small numbers of women are affected. Pregnant women with known cardiac disease 

should be managed in specialist clinics by a multidisciplinary team involving cardiologists, obstetricians, obstetric physicians, and anaesthetists. 

The physiological changes of pregnancy affect drug absorption, distribution, metabolism, and elimination, and these vary in each trimester. 



Physiological changes in pregnancy 

• Blood volume and cardiac output increase by 30-50%. 

• Protein levels fell and there is a reduction in drug protein binding. 

• Changes in Gl motility and secretions as well as hormonal effects on liver enzymes alter drug metabolism. 

• Renal excretion of drugs is increased, as glomerular filtration rate (GFR) rises. 

Close drug monitoring is important and doses may often need modifying. Haemodynamic changes mostly return to normal within a few days after delivery, but it takes up to 
6 weeks before the hormones of pregnancy are back to normal. 

Unlike the majority of treatments in cardiovascular medicine, the evidence base during pregnancy is limited due to the lack of trial data in this patient group. There are, 
however, guidelines to aid management but these are often based on observational data and, in some instances, the lack of consensus is apparent. 

The use of drugs in breastfeeding women is dependent upon the concentration of drug excreted in the breast milk; however, adequate information is not always available, 
particularly with the newer agents. As such, women may have drugs withheld or be advised not to breastfeed because of the lack of evidence rather than known 
neonatal concerns. 

The US Food and Drug Administration (FDA) categorizes drugs that may be used in pregnancy according to risk to the fetus from exposure. However, data are limited in 
pregnancy for most drugs, so evidence for many drugs falls into category C (see Table 7.1 ), which limits the usefulness of this grading system. 
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Table 7.1 Current FDA categories for drug use in pregnancy 

Category Description 

A Adequate, well-controlled studies in pregnant women have not shewn an increased risk of fetal abnormalities 

B Animal studies have revealed no evidence of harm to the fetus; however, there are no adequate and well-controlled studies in pregnant women 

Animal studies have shown an adverse effect, but adequate and well-controlled studies in pregnant women have failed to demonstrate a risk to the fetus 

C Animal studies have shown an adverse effect and there are no adequate and well-controlled studies in pregnant women 

No animal studies have been conducted and there are no adequate and well-controlled studies in pregnant women 

D Studies, adequate well-controlled or observational, in pregnant women have demonstrated a risk to the fetus. However, the benefits of therapy may 

outweigh the potential risk 

X Studies, adequate well-controlled or observational, in animals or pregnant women have demonstrated positive evidence of fetal abnormalities. The use of 

this product is contraindicated in women who are or may become pregnant 



Hypertension 

Hypertension (BP >140/90mmHg) in pregnancy is common, affecting approximately 1 in 10 pregnancies. It is classified into three main groups: 

1. Chronic hypertension is defined as hypertension diagnosed prior to or during the first 20 weeks' gestation, or persisting for >3 months postpartum. Women with chronic 
hypertension are considered to be at higher risk of developing superimposed pre-eclampsia (see discussion of aspirin therapy in point 3). 

The risk of developing severe hypertension seems to be reduced with antihypertensive medications. Prior to conception, women with a history of hypertension should be 
reviewed by a specialist. For women with ‘low-risk' chronic hypertension (BP 140-160/90-1 lOmmHg, normal examination, no proteinuria, and normal ECG and 
echocardiogram) it may be appropriate to discontinue antihypertensive drugs or reduce the dose of these drugs. If treatment does need to be continued, consideration should be 
given to switching to drugs that are safer in pregnancy. 

2. Pregnancy-induced hypertension is hypertension arising for the first time after the 20 th week of pregnancy. The systemic features of pre-eclampsia are absent and BP 
falls to normal levels postpartum. These women are also at increased risk of developing pre-eclampsia and should be closely monitored. 

3. Pre-eclampsia-eclampsia syndrome Pre-eclampsia is hypertension with proteinuria (++ in 2 urine samples or >300mg over 24h) occurring after 20 weeks’ gestation. It is 
a multisystem disorder with varying degrees of thrombocytopenia, haemolytic anaemia, abnormal LFTs, impaired renal function, and hyperuricaemia. The hypertension may 
be new or there may be a rise in BP in someone with chronic hypertension. Eclampsia is the occurrence of one a more seizures in the presence of pre-eclampsia. 

Magnesium sulphate still remains a key therapy in the treatment of severe pre-eclampsia and eclampsia, although the only definitive treatment for pre-eclampsia is delivery of 
the fetus. 



The 2007 Cochrane review 1 concluded that antiplatelet agents (almost exclusively aspirin) confer a moderate reduction (approximately 15%) in the risk of pre-eclampsia and 
pre-term (before 34 weeks) birth without an increased risk of haemorrhage. However, they could not identify which subgroup of women would benefit from treatment from the 
data available. In general, it is accepted practice that aspirin (<75mg) may be used in high-risk patients (e.g. previous pre-eclampsia in >1 pregnancy), but may also be 
considered for women with a modestly increased risk of developing pre-eclampsia (e.g. pre-eclampsia in one previous pregnancy, or chronic hypertension) after discussion 
with the mother of the risks and benefits of treatment. 

Categories of blood pressure in pregnancy 

• BP <140/90mmHg: normal/acceptable in pregnancy 

• BP 140-159/90-109mmHg: mild to moderate hypertension 

• BP >160/1 lOmmHg: severe hypertension 

There is limited evidence on which to base guidance for the threshold at which to start treatment or indeed the target BP once treatment has been initiated. Suggested 
guidelines vary in different countries. A Cochrane review in 2007 of 46 trials involving 4282 women concluded that it remains unclear whether therapy is worthwhile in mild to 
moderate hypertension in pregnancy (in this review this was SBP 140-169mmHg or DBP 90-109mmHg a bath), and that there is insufficient evidence that any 
antihypertensive is better than another. 2 However, in practice it is appropriate to consider starting antihypertensive treatment once SBP reaches 150mmHg or DBP is 90- 
lOOmmHg, with an aim to reduce BP to 140/90mmHg. For patients with mild-moderate chronic hypertension who may have had medications stopped prior to or eariy in 
pregnancy, treatment should be restarted if SBP rises to 140-150mmHg or DBP is 90-100mmHg. 



Drug treatment of hypertension in pregnancy depends on whether the patient has mild to moderate hypertension or if treatment is required for severe hypertension. Table 7.2 
displays the drug treatments typically used and a suggested order for their introduction. It should be noted that the choice of drug may be largely dependent on the clinician's 
experience of its use and may vary between institutions. 



Table 7.2 Drug treatment of mild to moderate hypertension ii 


n pregnancy 






Drug/drug FDA 

gory 


Risk profile and use 


Side effects 


Dose 


Compatible 
with breast- 
feeding? 


1 st line/preferred 


Methyldopa B 


Drug of choice in the months 
before conception or 1 st -line 
during pregnancy 


Frequently causes xerostomia 

Associated with maternal depression, therefore consider replacing 
in postnatal period and avoid use if there is a significant risk of 


500mg-3g/day 
PO in 2-3 
divided doses 


Yes 

Excreted in 
small amounts 
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Limited efficacy compared to 
newer agents when used in 
isolation 

Considered safe throughout 
pregnancy despite crossing 
placenta 



maternal depression 

Can cause elevated liver enzymes, hepatitis, and hepatic 
necrosis; stop drug and seek advice 

Chronic use can be associated with a positive Coombs’ test and 
a haemolytic anaemia 

Monitor FBC and LFTs before treatment and every 2-3 weeks for 
the first 6-12 weeks 



Nifedipine ( only long-acting/slow- 
release prepara-tions — but NB 
unlicensed indication) 



Short-acting formulations and 
sublingual administration are nt 
recam-mended 

Used alone or in combination wi 
methyldopa or labetalol 



Risk of tachycardia, palpitations, 
headaches, facial flushing, and peripheral 
oedema 

May inhibit labour 



30-120 mg Yes 

PO/day (slow- But 

release prepara- excreted in 

tion) breast milk 



trimesters but poor efficacy 
compared to other drugs 
Use generally reserved for IV 
treatment in severe hypertension 



May cause thromobcytopenia in neonate 
Risk of headache, nausea, flushing, and 
palpitations so may be poorly tolerated 
Chronic use may be associated with drug- 
induced lupus and pyridoxine-responsive 
polyneuropathy (rare) 



50-300mg 
PO/day in 2^f 
divided doses 



Inadequate studies in humans High doses in animal studies show delayed postnatal Img PO/day for 1-2 

development weeks, increasing to 2- 



weeks, increasing tc 
4mg/day as necessary 



No. Accumu-lated 



Consider switch 



Labetalol (see 
below for other 
P-b lockers) 



Done 



in asthmatics 



peripheral vascular disease, 
diabetes, or liver disease 
No effect on fetal heart rate 
More effective in BP lowering 
than methyldopa 



Previous concern about risk of intrauterine growth 
retardation (IUGR) but less concern after review and 
not if started after 1 st trimester 
May cause neonatal hypogly-caemia at high doses 
Risk of lethargy and fatigue, reduced exercise 
tolerance, peripheral vasoconstriction, sleep disorders, 
and broncho-constriction 

Severe hepatocellular damage has been reported 



200mg-1.2g PO/day in 2- 



Yes, but observe 
fetus for signs of 
P-blockade 
Excreted in 



Limited use/additional agents in refractory hypertension 



All cross placenta 

Some extensively used in pregnancy 

None are associated with teratogenicity in any trimester 

Safety profile likely to be variable for individual drug due 

to lipid solubility and receptor specificity 

Fetal growth should be monitored regularly 



The risk of IUGR appears to be small, 
predominantly with atenolol at high doses 
and only if this drug is started before 
conception or after the 1 st trimester 
Risk of lethargy and fatigue, reduced 
exercise tolerance, peripheral 
vasoconstriction, sleep disorders, and 
brcnchoconstriction 



in isolated hypertension until after 1 st trimester 



Propranolol C Limited data in 1 st trimester us 



Increased risk of IUGR in 1 st trimester No 

exposure Concen-trated in 

Fetal bradycardia breast milk 

Chronic high doses in 2 nd and 3 rd 160- Yes 

trimesters can cause IUGR, fetal 320mg Excreted in 

bradycardia, respiratory depression, and PO/day in breast milk 

hypoglycaemia two divided Observe fetus for 

Unknown long-term effects on exposed doses signs of beta- 

infants blockade 



Metoprolol C Limited data in 1 st trimester us 



Chronic high doses in 2 nd and 3 rd 100- 

trimesters can cause IUGR, fetal 200mg/day 

bradycardia, respiratory depression, and PO in 1-2 

hypoglycaemia divided 



Use in pregnancy not studied 



No data available 
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/3 rd 




Clonidine C 

a-blockers 

Doxazosin B 

Prazosin C 

Calcium- 

channel 

Verapamil C 



Diltiazem C 



Nimodipine C 



Amlodipine C 
Diuretics 



Furosemide C 



Spirono- D 

lactone 

ACEI S D 



Angiotensin D 
It receptor 
blockers 



Mainly used in 3 rd trimester as additional drug in Sudden withdrawal may cause a 

refractory hypertension hypertensive crisis 

Probably no increased risk of congenital anomalies but 
suggested cardiovascular defects in 1 st -trimester 
exposure 

Indicated in suspected phaeochromo-cytoma 
Often used with pS-blocker 

(see above) 



0.1- 

1.2mg/day 
in divided 



No long-term data 
available 
Excreted in 
breast milk 



No adverse effects reported 



Avoid sublingual or rapid IV administration due to risk of 
precipitous BP reduction 



No data available 
Excreted in milk 
in low concen- 
trations 



Crosses placenta No adequate human data Maternal hypotension and fetal hypoxia 

with rapid IV administration otherwise safe 
and especially if given as oral preparation 



No adequate human data, but possible association with 
cardiovascular defects in 1 st -trimester exposure 



Mainly used in SAH 
No adequate studies in humans 



No human data 

Relatively contraindicated except in pulmonary oedema 
Poor efficacy 

Use only in combination with other antihyper-tensives 
such as vasodilators for fluid retention 
Contraindicated in pre-eclampsia 

Used mainly tor pulmonary congestion For exposure after 1 st trimester no adverse 

effects reported 



Potential risk of pre-eclampsia as reduce 
intravascular volume 

Increase serum urate (used to monitor pre- 
eclampsia) 



Not recommended due to anti-androgenic effects Association with mild IUGR with use 

throughout pregnancy 

Contraindicated in 2 nd and 3 rd trimesters Can cause marked fetal renal 

Change to alternative antihyper-tensive if possible, hypoperfusion, failure, and dysgenesis 

ideally before conception 1 a -trimester exposure poses 
an increased risk of major congenital defects (e.g. 
cardiovascular and central nervous system) 



Limited data in pregnancy but generally accepted that 
have similar risk as ACEIs in 2 nd and 3 rd trimesters 



Compatible with 
breastfeeding but 
is excreted in 

Compatible with 
breastfeeding but 
is excreted in 

Unknown 
excretion in 
breast milk 



No data available 



breastfeeding as 
reduce milk 
volume 



Excreted in 
breast milk No 
adverse effects 
reported 

Excreted in 
breast milk 

Enalapril/captopril 
are compatible 

ramipril or 
lisinopril in 
breastfeeding 



Reference 

1 Duley L et al. (2007). Antihypertensive drug therapy fa mild to moderate hypertension during pregnancy. Cochrane Database Syst Rev (1):CD002252. 

2 Abalos E et al. (2007). Antihypertensive drug therapy for mild to moderate hypertension during pregnancy. Cochrane Database Syst Rev (1):CD002252. 

Acute severe hypertension (Table 7.3) 

Severe hypertension with hypertensive encephalopathy, haemorrhage or eclampsia requires immediate treatment with parenteral antihypertensives. 
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Table 7.3 Drug treatment of acute severe hypertension in pregnancy 



Drug FDA Risk profile/side effects 

category 



Dose and route 



Labetalol C 



Hydralazine 



C 



Nifedipine 



C 



Suggested lower incidence of maternal hypotension than 
hydralazine 

Do not use in asthmatics or women with congestive 
cardiac failure 



200mg PO first 

Then (if no response to oral therapy): 
20-40mg IV every 
20-30min as needed 
Max 300mg Infusion: 40-160mg/h 



Long experience of safety and efficacy 5-10mg IV/IM (over 10-20min) every 20-40min as needed 

Side effects mimic symptoms of deteriorating pre-eclampsia Repeat every 3h once BP is controlled 

Consider alternative drug if no or minimal BP reduction with 20mg IV or 

Infusion: 0.5-10mg/h 



Unlicensed for use in pregnancy 

Suggested lower incidence of maternal hypotension than 
hydralazine 

Sublingual administration is not recommended 



Nifedipine (standard-release formulation): 10-20mg PO every 30min 
(max 50mg/h) 



The aim of management is to reduce and maintain BP within a safe range, with a gradual reduction while maintaining placental perfusion. SBP should be maintained between 
140 and 160mmHg and DBP between 90 and IIOmmHg. A Cochrane review in 2006 of the treatment of very high BP in pregnancy considered 24 trials (2949 women) and 
found that there is currently insufficient evidence that any antihypertensive is superior. 1 Most commonly, BP reduction is achieved with the administration of slew IV bolus 
doses of labetalol, hydralazine, or oral nifedipine. Diuretics should not be used due to increased risk of pre-eclampsia. Sodium nitroprusside is relatively 
contraindicated. 



Postpartum and lactation 

Most antihypertensive medications are excreted in breast milk but there is little information of the effects on the neonate. 

Safety of cardiovascular drugs during lactation 

• Labetalol and propranolol appear to be safe in breastfeeding mothers. 

• Captopril and enalapril are the only ACEIs with enough safety data to be considered compatible with use in breastfeeding. 

• Diuretics should be avoided as they reduce milk vdume. 

Atenolol and metoproid should be used with caution as they are concentrated in breast milk. 

Reference 

1 Duley L. (2006). Drugs for treatment of very high blood pressure during pregnancy. Cochrane Database Syst Rev. (3): CD001449. 

Arrhythmias 

Palpitations are a common symptom in pregnancy, and arrhythmias and ectopic beats are also frequent. The acute management of arrhythmias is similar to that outside 
pregnancy, but chronic drug treatment should be reserved for frequent symptomatic or haemodynamically compromising arrhythmias, to minimize fetal exposure to drugs. 

It should be noted that all commonly used antiarrhythmics cross the placenta and are excreted in breast milk; however, most are considered to be compatible with 
breastfeeding (see Table 7.4). 
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Table 7.4 Antiarrhythmics in pregnancy 



FDA 

gory 



Risk profile/side effects 



Insufficient data for use in 1 st trimester 

Safe in 2 nd and 3 rd trimesters 

Fetal heart monitor to detect possible bradycardia 



hypothyroidism in 

Use advocated in 2006 ACC/AHA guidelines fa valvular heart 
disease 3 

Recommended for aortopathy, e.g. Marfan syndrome and may be 
required in severe MS to prevent decompensation due to 
tachycardia 

If possible, avoid use in 1 st trimester as concerns over IUGR 



Dose and route 

6-1 2mg IV over 1-3s, then 20ml 0.9% 
sodium chloride flush 
Max 24mg 

5mg/kg IV over3min, then lOmg/kg IV per 
50-100mg PO/day for arrhythmias (and mitral 



Loading: 500mcg PO 
Then 500mcg PO alter 6h 
Maintenance: 125-375mcg PO daily 



Compati-bility 
with breast- 
feeding? 



Diltiazem 

Flecainide 



(See E| Table 7.2, [link]) 



20mg IV bolus over2min, repeat after 15min 

100-300mg PO/day in 2 divided doses 

Slow IV dose with ECG monitoring; 2mg/kg 
over 10-30min (max 150mg) fbllcwed (if 
required) by 

Infusion: 1.5mg/kg/h for up to 1h, then 100- 

250mcg/kg/h fa up to 24h 

Then transfer to aal treatment as above 



With ECG monitoring: 

Img/kg IV bolus; repeat 'A bolus every lOmin 
up to4x immediately then, 

Infusion: 1-4mg/min; total 3mg/kg/day fa 1 st 



Procain- 



(See g) Table 7.2, [link]) 



Propafenone C 

Propranolol C 



Limited data in pregnancy 



(See (U Table 7.2, [link]) 



Quinidine C Risk of neonatal thrombocytopenia 

Long safety record in pregnancy 
Premature labour at toxic doses 
Needs monitoring of serum levels 

Sotalol B Risk of IUGR (consider serial ultrasound scans) 

D in 2 nd Risk in 2 nd /3 rd trimesters as for other p-blockers 
/3 rd Monitor ECG 



80-360 mg PO/day in 2 divided doses 



(See gj Table 7.2, [link]) 



120-360mg PO/day in 3 divided doses 



Supraventricular tachycardia 

The 2003 ACC/AHA/ESC practice guidelines fa the management of patients with supraventricular arrhythmias recommends that women with known symptomatic 
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supraventricular tachycardia (SVT) should be advised to undergo a curative catheter ablation prior to conception as recurrence during pregnancy is common and, where 
possible, all potentially teratogenic drugs should be avoided. 1 However, clinicians with experience in the feld may find that SVT is often well tolerated during pregnancy and 
easily controlled with antiarrhythmics. If, however, SVT is poorly tolerated and refractory to drug treatment, catheter ablation can be performed in the 2 nd trimester. 

Treatment to terminate SVT 

1. Vagal manoeuvres can be attempted in the first instance. 

2. IV boluses of adenosine can be given up to a maximum of24mg as a single dose. 

3. If adenosine fails, IV metoprdd or proprandd can be used in non-asthmatic women as 2 nd -line chdces. In known WPW, p-blockers are the drug of chdce. 

4. IV verapamil can be used but may increase the risk of prdonged maternal hypotension, particularly with rapid administration. However, if the mother is well hydrated 
the risk of significant hypotension is small. 

5. If chemical cardioversion fails or the mother is haemodynamically compromised, electrical cardioversion should be performed and is considered reasonably safe in all 
trimesters. Special precautions should be tdlcwed, however, compared to the non-pregnant woman (i.e. patient should be laid on left lateral side to prevent IVC 
obstruction with the gravid uterus, intubation should be early, as gastric stasis is increased in the pregnant woman, and if cardioverting in the 3 rd trimester, the fetus 
should be monitored). Specialist multidisciplinary management is required. 

Treatment as prophylaxis to prevent SVT 

• 1 st -line agents are digoxin and p-blockers (metaprdol or propranolol). However, close monitoring is required with digoxin and its efficacy is unknown, p-blockers should be 
avoided in the 1 st trimester if possible. 

• Verapamil can be used as an alternative. 

• The choice of other alternative agents is difficult as experience is limited; however, suggested drugs are sotald a fiecainide (in the absence of structural heart disease). 
Beyond this, quinidine, propafenone, and procainamide may be considered but experience with these drugs is even more limited. 

• Amiodarone is an FDA category D drug and the only antiarrhythmic with known teratogenicity, it should only be used when there are no dher therapeutic options. 
Atrial fibrillation and flutter 

Both of these conditions are uncommon in pregnancy, but their occurrence is often associated with congenital heart disease, rheumatic valve disease, thyrdoxicosis, or 
electrdyte disturbance. The aim of treatment is to terminate the arrhythmia within 24h of onset, to avdd the need for anticoagulation, particularly as pregnancy itself is a pro- 
thrombdic state. 

The jdnt ACC/AHA/ESC guidelines of 2006 2 advise the tdlcwing for atrial fibrillation in pregnancy: 

Rhythm control 
Chemical cardioversion 

• Consider chemical cardioversion for new haemodynamically stable AF, with quinidine or procainamide. 

• Quinidine has the longest safety record in pregnant women. However, there is increasing experience with sotald and fiecainide and some clinicians may favour the use of 
these drugs as alternatives. There is limited experience with amiodarone. 

Electrical cardioversion 

If haemodynamically unstable, direct-current cardioversion is recommended. 

Rate control 

Ventricular rate contrd can be attempted with digoxin, a p-blocker, or non-dihydropyridine calcium-channel antagonist. 

Anticoagulation 

• For all patients with AF (with the exception of lone AF and/or low thromboembdic risk), protection against thromboembdic risk is recommended throughout pregnancy. 
Treatment with either anticoagulation or aspirin should be selected according to the stage of pregnancy. 

• Fa the 1 a trimester and the last month of pregnancy in patients with AF and risk factors fa thromboembdism: 

• consider treatment with heparin (UFH) by continuous infusion to prdong APTT to 1 .5-2.0 times contrd value, a UFH by SC injection twice daily to prdong the mid- 
interval APTT to 1.5 times contrd. 

• Alternatively, although data are limited, consider treatment with SC LMWH. 

• Consider an aal anticoagulant (usually warfarin) during the 2 nd trimester. 

In clinical practice however, the risk of thromboembdism associated with AF in the context of pregnancy (including those with lone AF) may be considered sufficiently 
significant to anticoagulate all those affected. The Royal Cdlege of Obstetricians and Gynaecdogists (RCOG) recommends the use of LMWH in the treatment of DVT/PE rather 
than UFH. 

If warfarin is used during the 2 nd trimester, counselling should be given about the risk of intraventricular haemarhage in the fetus, and monthly fetal brain scans should be 
performed. 

If LMWH is used, the dose given is the same as that used to treat acute caonary syndromes (i.e. 1 mg/kg twice daily), and if used long term, monitaed with facta Xa assays. 
Advice should be given to stop the treatment after the onset of labour, and consideration given to the use of IV heparin after assessment. 

Ventricular tachycardia 

The most common VT during pregnancy is idiopathic RVOT VT (ECG shows a monomaphic VT, LBBB pattern, with an inferia axis). This stable rhythm rarely degenerates 
and p-blockers are the drug of chdce. 

VT in the presence of structural heart disease is a risk tor sudden cardiac death. In this case, antiarrhythmic therapy as well as an ICD may be necessary. Drug therapy may 
include a cardioselective p-blocker alone, amiodarone alone (but note that the risk of birth defects with amiodarone may be unacceptable), a both. Pregnant women who 
develop haemodynamically unstable VT should be electrically cardioverted. The development of stable non-long QT-related VT can be treated with intravenous lidocaine in the 
first instance and procainamide long term. Prophylaxis with a cardioselective p-blocker may be effective and sotald can be considered if this is unsuccessful. 
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